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INVESTIGATION OF WARM-AIR FURNACES 
AND HEATING SYSTEMS 
THE RESEARCH RESIDENCE 


Part IV 


I. GENERAL STATEMENT CONCERNING THE INVESTIGATION 


1. The Codperative Agreement.—This bulletin is the sixth to be 
published under the present codperative agreement* between the 
National Warm-air Heating and Ventilating Associationt and the 
University of Illinois for an investigation of warm-air furnaces and 
furnace heating systems. The agreement was formally approved in 
August, 1918, and the research work was begun in October of that year. 
Under the terms of this agreement a very extensive study of furnace 
heating problems has been made, using first an experimental plant 
with auxiliary equipment in the laboratory, and later a typical mod- 
ern residence erected by the Association for the express purpose of 
correlating and extending the work in the laboratory to the condi- 
tions of actual installation. 

The codperating association has been represented by an Advisory 
Committee, the personnel of which changes somewhat from year to 
year. Since April 1, 1924, the following members of the Association 
have served on this committee: 

C. M. Lyman, Chairman, International Heater Company, 
Utica, New York. 

E. S. Moncrier, Henry Furnace Company, Cleveland, Ohio. 

F. W. Puetes, Moore Bros. Company, Joliet, Illinois. 

R. W. Menx, Excelsior Steel Furnace Company, Chicago, 
Illinois. 

E. F. Guore, Abram Cox Stove Company, Philadelphia, Penn- 
sylvania. 

E. B. Lancenserc, Langenberg Manufacturing Company, St. 
Louis, Missouri. 

J. F. Firestone, Beckwith Company, Dowagiac, Michigan. 

W. S. Mutuis, Security Stove and Range Company, Kansas 
City, Missouri. : 

V. W. Cuerven, Holland Furnace Company, Holland, Michigan. 

W. Gunton, Success Heater Company, Des Moines, Iowa. 


*“Report of Progress in Warm-air Furnace Research,” Univ. of Ill. Eng. Exp. Sta. 


Bul. 112, Appendix II, pp. 61-63, 1919. . P ; 
, tSince April, 1928, Ae Association has been known as the National Warm-air Heating 


Association. 
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The present organization of the committee is as follows: 
C. M. Lyman, Chairman, Utica, New York. 
J. F. Freestone, Dowagiac, Michigan. 
L. W. Mituis, Kansas City, Missouri.* 
V. W. Cuerven, Holland, Michigan. 
W. Gunton, Des Moines, Iowa. . 

It is the function of this committee to propose such problems for 
investigation as are of the greatest interest to the manufacturers and 
installers of warm-air furnaces and heating systems. Of these prob- 
lems, the Engineering Experiment Station staff selects for study those 
which can best be investigated with the facilities and equipment avail- 
able at the University. The codperating association provides funds 
for defraying a major part of the expense of this research work. 

A number of publications have already been issued by the En- 
gineering Experiment Station dealing with the results of this work. 
They are as follows: Bulletin No. 112 entitled “Report of Progress 
in Warm-air Furnace Research”; Bulletin No. 117 entitled “Emis- 
sivity of Heat from Various Surfaces”; Bulletin No. 120 entitled “In- 
vestigation of Warm-air Furnaces and Heating Systems”; Bulletin 
No. 141 entitled “Investigation of Warm-air Furnaces and Heating 
Systems, Part IT”; Bulletin No. 188 entitled “Investigation of Warm- 
air Furnaces and Heating Systems, Part III”; and Circular No. 15 
entitled “The Warm-air Heating Research Residence in Zero 
Weather.” 

In addition to these publications of the Station, a number of papers 
on Warm-air Furnace Heating have been prepared by the research 
staff and presented before, and published in the Transactions of, 
the American Society of Heating and Ventilating Engineers. These 
papers have appeared almost yearly in the Society’s Transactions since 
the beginning of the investigation. 

The present bulletin deals entirely with the work accomplished in 
the Research Residence since it was completed and dedicated on De- 
cember 2, 1924. Little reference has been made to material contained 
in earlier bulletins, or even to Circular 15, which discussed the per- 
formance of the Research Residence for a short period during zero 
weather. The data herein presented are of first importance to the 
designers, installers, and owners of such heating systems, covering 
as they do the performance of these systems under all the weather 
conditions encountered during the heating season. 


*Resigned and vacancy filled by George Harms, Peoria, Illinois. 
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2. Objects of Investigation—The principal objects for which the 
investigation was undertaken may be briefly stated as follows: 


(1) To determine the efficiency and capacity of commercial 
warm-air furnaces under conditions similar to those existing in 
actual installations, with leaders, stacks, and registers, to form 
a complete system. Both piped and pipeless furnaces are included 
under this heading. 


(2) To determine satisfactory and simple methods for rating 
furnaces so that the proper size and type of furnace can be defi- 
nitely selected for the service required. 


(3) To determine methods of increasing the efficiency and 
capacity of furnace heating equipment, and the advantages or 
desirability of certain types of design. 


(4) To determine the heat losses in furnace heating systems 
and the value of insulating materials as affecting the economy 
of the furnace, or of the leaders and stacks, and finally of the 
system as a whole. 


(5) To determine the proper sizes and proportions of leaders, 
stacks, and registers supplying air to first, second, and third floors. 
Under the heading has also been included the study of types and 
sizes of furnaces. 


(6) To determine the friction losses in cold-air or recirculating 
ducts and registers, and the proper size, proportions, and arrange- 
ment or location of the ducts and registers. 


(7) Eventually, to make a study and comparison of outside 
and inside air circulation as affecting the economy and operation 
of furnace systems. 

In order to correlate the results of tests of furnaces and heating 
systems made in the laboratory with the results obtained on the same 
furnaces and equipment under actual house conditions, a modern 
three-story furnace-heated residence has been erected by the Associa- 
tion and equipped for testing at an expense of $25,000. 

In addition to the correlation of data obtained under laboratory 
and actual conditions, there are many factors affecting the perform- 
ance of a furnace heating system which cannot be adequately investi- 
gated in the laboratory. Such factors are: 

(1) The effect of wind. 

(2) The relative value of inside and outside air supply. 
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(3) The significance of and the proper percentage of relative 
humidity in the house. 

(4) The variation of air temperatures from floor to ceiling in 
actual rooms with different air temperatures at the registers. 

(5) The proper location of the furnace with respect to center 
of basement. 


(6) The relative value of return ducts above floor compared 
with ducts placed below basement floor. 


(7) The proper location and number of recirculating registers. 
(8) The proper location of warm-air inlet registers. 
(9) The effect of various installation details on operation of 
wall stacks to upper floors. 
(10) The effect of various installation details on operation 
of basement pipes. 
(11) The relative value of inside as compared with outside 
chimneys. 
(12) The importance of constant temperature both day and 
night. 
(13) The problem of the remote room or the room with three 
sides exposed. 
(14) The proper installation for a sun porch. 
In addition to these, the original objects of the investigation, there 
has been added the investigation of ordinary gravity-type furnaces 
operating with small motor-driven fan units. 


3. Discussion of Problem and Methods Employed.—lt should be 
noted at the outset of this discussion that the fundamental ideas in- 
volved in the methods used in this investigation, as well as the furnace 
plant itself and its essential features, were developed and put into 
operation by the Department of Mechanical Engineering of the Uni- 
versity of Illinois in the spring of 1918. This preliminary work soon 
developed the fact that very little could be accomplished in the in- 
vestigation of warm-air furnaces and furnace systems unless the fur- 
naces were operated under the natural gravity-flow conditions which 
exist in actual installations. The research aspects of the problem then 
became very definite, and may be briefly stated under two general — 
heads: 

(a) The exact measurement of large quantities of air, flowing 
at very low velocities, under extremely small heads, but at atmos- 


pheric pressure and usually at high temperature. This measure- * 
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ment, moreover, must be made just as the air enters or leaves a 
register face, and, in piped furnace work, at a number of widely 
separated register faces. 

(b) The exact measurement of the temperature of air flowing 
over hot metallic surfaces at points where the temperature meas- 
uring element is in fairly close proximity to the hot surface. At 
the same time additional air-temperature readings must be taken 
simultaneously at many points. 

These two problems have occupied the research staff almost con- 
stantly since the work was begun. The first problem has been solved 
by an indirect method, using anemometers which are calibrated either 
under operating conditions in an air weighing plant or against a stand- 
ard orifice. A complete discussion of these two problems and the 
methods used in their solution will be found in an earlier bulletin.* 
The second problem has been solved by the use of thermocouples and 
a potentiometer, all couples having been calibrated in position, and 
the correction for radiation determined for couples exposed to hot 
surfaces. (See last paragraph of Section 7.) 


4. Acknowledgments——During the past two years Mr. J. F. 
QUEREAU,} Research Graduate Assistant in Mechanical Engineering, 
has assisted in conducting the actual testing work of this investigation. 

The investigation has been carried on as a part of the work of the 
Engineering Experiment Station of the University of Illinois,t of 
which Dean M. 8. Ketcuvm is the director, and of the Department 
of Mechanical Engineering, of which Proressor A. C. WILLARD is the 
head. 


II. THe ReEseARCcH RESIDENCE 


5. Description of Residence——In all respects, the Research Resi- 
dence, Fig. 1, is of standard frame dwelling construction, with the 
single exception of the studding, which is 2 in. by 6 in. instead of the 
usual 2 in. by 4 in. This permits the use of larger wall stacks than 
could be used in 2 in. by 4 in. construction. The wall section is as 
follows: weather boarding, building paper, ship-lap siding on 2 in. by 
6 in. studding, lath, and plaster with rough sand finish. The coefficient 
of heat transmission for this wall section is 0.20 B.t.u. per sq. ft. per 


*See ‘Investigation of Warm-air Furnaces and Heating Systems,’ Univ. of Ill. Eng. 


Exp. Sta. Bul. 120, 1924 c ; aah ae 
= +Mr. Quereau was appointed full-time Special Research Assistant on this investigation, 
July 1, 1928. , ; 

a tAt the time of building the Research Residence, Prof. L. H. Provine, Head of the De- 
partment of Architecture, acted as architect, and he was assisted by C. A. Kissinger, a member 


of the staff of the same department. 
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Fic. 2. AN InteR1I0on View in ResearcH RESIDENCE 


hr. per deg. F., at a wind velocity of 15 mi. per hr. The walls are not 
insulated, and no weather stripping is used at the windows and doors. 
Interlocking copper shingles are used on the roof. 

The Research Residence has not been occupied by a family. In- 
stead, a caretaker has lived in the residence, and the daily occupants 
have been the members of the research staff. Furniture, rugs, and 
window shades and curtains were provided. Figure 2 suggests the 
completeness of furnishing. No cooking or other domestic processes 
requiring the application of heat were carried on. Thus the kitchen, 
as well as all other rooms, received heat solely from the heating 
system. 

All the room doors were open during the majority of the tests 
covered in this bulletin with the exception of those of the sun-room, 
which was not connected to the heating plant at this time. Certain 
tests indicated in Chapter VI were run with doors closed. 

The room arrangement and exposures are shown in Figs. 3, 4, and 
5. It should be noted that only one room, the bath-room, has a single 
exposure to the weather, and that throughout the Residence the pro- 
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portion of glass area is high. Hence the heating problem presented 
the usual difficulties. The heat losses calculated by the usual methods 
are approximately 119 000 B.t.u. per hr. at 0 deg. F. and 15 mi. per 
hr. wind velocity. 


6. Heating Plant—A gravity circulating warm-air heating plant 
was installed, and has been in operation in the Residence continuously 
during each heating season since December, 1924. This plant was 
designed to duplicate as nearly as practical the Main Plant in the 
Laboratory, as correlation with the Laboratory tests was the first 
objective in the Residence, and the only changes made since the 
original installation have been in the cold-air returns, which have 
varied from one to twenty-one in number and also in location. In all 
there have been six arrangements or changes in the cold-air return 
part of the system and each one is given an installation number to 
distinguish it from the others (see Table 2 and Fig. 20). 

The locations of the warm-air registers and of the cold-air return 
grilles for the Third Installation are shown in Figs. 3, 4, and 5. De- 
tails of piping and furnace are shown in Fig. 6 and given in Tables 
1 and 2. The particular heating layout shown was by no means the 
only plan possible, nor was it a model one. The plant was simply 
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one of a series (Fig. 20) in which a comparison of cold-air return 


locations was being made. 


Three return ducts, compactly arranged with grilles located near 


In the design of the cold- 


inner walls of the rooms, are shown. 


the 


air return ducts, abrupt changes of section and direction were avoided ; 
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DIMENSIONS AND AREAS oF Return Ducts AND GRILLES FOR Srx INSTALLATIONS 
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TABLE 2 


Duct Main Duct Branches Shoes Grilles 
Size Area Size Area Size Area Size Free Area 
in. sq. in. in. sq. in.. in. sq. in. in. sq. in. 
First Installation 
One only...... 33 | 854 | | 12x68 816 | 36x36 | 800 
Second Installation 
One only...... 33 | 854 | | 14x52 728 | 36x36 | 800 
Third Installation 
last petirn avers lg 226 12x20 240 1244x30 219 
Southeseowcce 20 314 12x26 312 194%4x27 312 
Wrest: toons sis 20 314 12x26 312 1914x27 312 
Lotalivc Sse: 854 864 843 
Fourth Installation 
1 
Hast tan artemis 17 226 944x29 256 12x20 240 124%4x30 219 
South. coer 20 314 314 12x26 312 19%4x27 312 
Wiest occas 20 314 1114x27 311 12x26 312 19%4x27 312 
Totale nce. 854 881 864 843 
Fifth Installation 
| 
BAGS titers eeritapa eee 17 226 11%x29 322 12x20 240 1244x30 219 
Southeecnene 20 314 10x20 200 12x26 312 194x27 312 
West 20 314 11%x27 311 14x26 364 1914x27 312 
otal ose aes 854 833 916 843 
Sixth Installation 
MEE HS geoooe V7, 226 12x20 240 (Four) 364 
Riessee. 8x29 232 
Qi e 8x20 160 (Three) 252 
Pratik 10x11 110 (One) 70 
Ou 11x12 132 (One) 112 
South Neia.. se 20 314 12x26 312 (Nine) 798 
Sia scare 8x20 160 (Four) 364 
vate aes 8x20 160 (Three) 294 
A sasenee 9x13 A Ps (Two) 182 
Kase 8x20 160 (Five) 434 
i pee spa 10x13 130 (Four) 364 
Mi iyecssats 10x13 130 (Two) 182 
West) Giiccccs 20 314 12x26 312 (Eight) 686 
(OR cs 8x20 160 (Three) 252 
Bien 10x13 130 (One) 70 
As ccnase 8x13 104 (One) 70 
Dini net 5x12 60 (One) 70 
Bisdtrestes 7x13 91 (Two) 182 
1 ae Sia 7x13 91 (Two) 182 
Wotaliveken ce 854 864 First 
Floor 1008 
Upstairs 840 
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and ample area, in excess of the total warm-air pipe area, was main- 
tained at all points. These are fundamental precautions to be ob- 
served in good design. 

The heater, as in all six installations, was of a common cast- 
iron type, and had a grate area of 2.88 sq. ft. The smoke pipe, 10 
in. in diameter and 10 ft. in length, was connected to a 12-in. by 
12-in. fireclay-lined flue, which was 35 ft. high. This chimney passed 
up through the house, and hence the heat transmitted through its 
8-in. brick walls was given up to the house and was useful in heat- 
ing. A cross damper in the smoke pipe, 3 ft. from the furnace, was 
used to restrict the draft. The check draft was sealed. 

The heat pipes and fittings, eleven in number, were of standard 
commercial sizes and types, no effort being made to obtain streamline 
flow by the use of special fittings. All pipes were of bare bright tin, 
except for narrow sealingestrips of asbestos paper at the joints, 
previous tests having demonstrated that asbestos paper covering on 
bright tin pipes is wasteful of heat.* The diameters of the pipes were 
based on heat loss calculations for the various rooms, in accordance 
with the “Standard Code Regulating the Installation of Warm-air 
Heating Systems.”+ The wall stacks, the concealed vertical portion 
of the heat pipes, were of mixed construction, some being of double 
tin with intervening air space, and others of single tin construction. 
The cross-sectional area of the stacks averaged 70 per cent of the area 
of the basement heat pipes to which they were connected. Registers 
were of commercial types and sizes and, in this particular installation, 
were all of the wall types. 

It has been the object in this description of the Research Resi- 
dence and the heating plant to show that both were standard rather 
than special, and that, therefore, the data which follow are such as 
might be obtained in any well designed warm-air heating plant. 


7. Method of Testing—The general procedure of testing, although 
requiring some modification to meet the conditions existing in the 
Residence, was similar to that described in Bulletin No. 120 of the 
Engineering Experiment Station. The controlling thermostats were 
arranged to maintain accurately a given room temperature, rather 
than a given furnace bonnet temperature, as in the Laboratory tests. 

The furnace was fired at four regular periods, as follows: 8:00 
a. m., 12:00 noon, 6:00 p. m. and 12:00 midnight. Ashes and sufficient 


*“Bmissivity of Heat from Various Surfaces,’ Univ. of Ill. Eng. Exp. Sta. Bul. 117. 
rine fot of the Standard Code dealing with pipe sizes is based on results secured in the 
investigation now in progress at the University of Jllinois. 
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unburned coal were shaken through the grates each morning, to leave 
a clean fuel bed on which to continue the fire. This clean fuel bed was 
always brought to a definite mark at one-half the firepot depth, giving 
a thickness of about 8 inches. Correction was made on each day’s fuel 
consumption for the unburned fuel which was shaken through the 
crate. 

At each of the firing periods, observations of all data were taken 
and the five readings (morning, noon, evening, midnight, and morning) 
were averaged for the daily record. The following is a list of the 
observations made at each reading period: 

Data sheet No. 1 

Weather condition. 
Wind, velocity and direction. 
Wet bulb temperature, dry bulb temperature, and relative 
humidity, outdoors. © 
Barometer. 
Control station temperature at thermostat in dining room. 
Basement air temperature. 
Outdoor temperature, at fixed location. 
Draft, at furnace. 
Draft, differential, ashpit to smoke collar. 
Coal fired. 
Ashes removed. 
Water evaporated for humidification. 
Data sheet No. 2 
Room temperatures, in each of the 10 heated spaces, at 4 in. 
above floor, breathing level 5 ft.-0 in. above floor, and 
4 in. below ceiling. 
Data sheet No. 3 
Anemometer readings at each of 11 warm-air registers. 
Anemometer readings in cold-air ducts. 
Data sheet No. 4 
Thermocouple observations of temperatures of: 
air at 11 warm-air registers. 
air in 6 boots for upstairs pipes. 
air at 1 or more cold-air grilles. 
gas at 5 points in flue-gas stream between furnace and top of 
chimney. 
air at 1 point above furnace. 
air in 3 air spaces above ceilings and below roof. 
surface at 4 places on roof. 
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Recorders produced the following charts: 
Outdoor and indoor air temperatures. 
Wet and dry bulb temperatures, indoors. 
Temperature of air at one warm-air register. 
Temperature of flue gases in smokepipe. 
Draft at smokepipe collar at furnace. 
Carbon dioxide in flue gas. 

In the measurement of air flow at the registers, the anemometers 
were read at fixed positions in the middle of the upper half of the 
register, instead of making a traverse over the entire area of the 
registers. This method insured velocity readings of such magnitude 
as to minimize errors of observation. The anemometers were cali- 
brated in the fixed positions for various temperatures and the accuracy 
obtained was such that the variations in the measured weight of air 
emerging from the warm-air registers averaged, for a whole season, 
only 2.8 per cent greater than the weight flowing through the return 
duct. The weight on the warm side of the system was assumed to be 
the correct weight, for the reason that the original conditions of cali- 
bration at the warm-air registers remained the same regardless of 
changes in the return side of the system. 

In the measurement of air temperatures at the bonnet collars, 
the former method of calculating the loss in temperature in the base- 
ment pipe and adding this loss to the boot temperature in order to 
obtain the bonnet temperature was abandoned. Instead a specially de- 
signed and mechanically ventilated shield was inserted at each of the 
bonnet collars and the actual temperature of the air determined after 
eliminating the radiation effect.* It was necessary to make this cali- 
bration before the actual testing and to obtain the bonnet temperatures 
from various boot temperatures read during the test. 


III. SumMarY AND Discussion oF TESTS AND RESULTS 


8. Method of Presenting Test Results—The data for the Research 
Residence tests are voluminous, and it would be impossible to repro- 
duce all of the 289 daily tests or observations in this bulletin. Instead 
the more important observed and calculated data have been com- 
piled for about one-fourth of the total number of daily tests, and 


*R. T. Haslam and E. L. Chappell, ‘‘The Measurement of the Temperature of a Flowing 
Gas,’”’ Industrial and Engineering Chemistry, April, 1925, p. 402, Vol. 17, No. 4. 


24 


ILLINOIS ENGINEERING EXPERIMENT STATION 


TABLE 3 
TyricaL Data AND RESULTS, RESEARCH RESIDENCE 


he Items and Units 
1 Daily, test: unt ber sys cvaiovrleters cies senicte Races enerh ete roe Pella oie tela (ovatada er ayeted steel stalettetieters 38 
2 DD BGG score wicks aWialio ereorereda bel ashene tau dltexaetioneireuaria flows save Sipnabec auch ehete en everTater to eraeee ther seaaag Rotete 3-1-25 
3 Barometer, ti. of mercury. 2s ocho siccererercnerci devas ore euch oi ohclelaeioelelaiela cxateuelonerkeneteyialines 29.30 
4 Wind, direction:and velocity, mil. Wer TOT. cc su .cre clei) vies aie eleimieueteyerrepsceyalovavavaleeiate NW-12 
5 Atmospheric’condition sy. . 4 o. Tiere ste aiswa «sib afore o onatene soyeiave Oievelele paareel Oblate) «le elepecte Clear 
6 DY) Un obs Pena Mero inne Ginastera ches Shoe OAS 10.01, GIO OIMOPTO CSRS OOO aio. San Anthr 
tf heat Valueias fired, 5.0/0. per IDs a erates oc crstetn te rzeeastonaencnaney resonates cer erences 11 852 
8 fixed Carbon, per Gents i405. as Gok cals oe cae hie are he oinoiaetonha ree enya miei 72.20 
9 volatile, per Cente. sce siete pas Seem Aes eS we nee eee aie auth olie Tose one 6.79 
10 BBTV, POR” COG sei iere top wey vv atone dey avvava: octal e lap atey a tetateenin wagste co: sexe sae eade rate Peele pel Sean eae 15.86 
11 MOIStUTE, DET CONE so creche fo aiaeos. crovelerel tumhenel ofp tore wee el orm lexedelonei evoke. eroleie ie koie Renner 5.08 
12 fired, Vo sccgiae sf eraccayaet sas Rate ores: ale agattile, a anaitobe: ofhaylaiia cana tanabenats vo elon ¢ Cates oes 195 
13 ash-and: refuses Ube sete cals. 0:0 sprees oe alae ere «fofata ott unre Sake el space sere ORONO RT Ste eee 41.0 
14 ash, theoretical, Ubcis-cead oie ab wesc: ath edatto are eastaneane eral arenes uhsdaa Aner otaneeeeeay® 30.9 
15 burned, lb. corrected for unburned fuel inmash.... o2.+ cs seme cere cies 182.6 
16 burned, per sq. ft. grate per hr. (=combustion rate)................-00-- 2.64 
17 Air temperature, Outdoors) Means Gesasl occ cle aero cele c ereielcie/ icine eee eee 13.9 
18 outdoors, maximuin, Cege Foo 63. occ wy nreoseaee xcs ond Sloe oh arava ocolgt crdeerar ere eee meneee 28.0 
19 outdoors;-minimums ders Bsec.c. ac cine omelet bene See renner —-1.0 
20 indoors, average of 10 rooms breathing level, deg. F...........00eeeeeeee 73.5 
21 return: grilles; deg hae ta, es Syne a siscs Bae oe en Tao a eee 67.0 
22 ponnet, mean, deg. Foo sana Gla wre sets wie, cqeweee ce voles ata’ os euaunen tet a eine tene eaedenetete 138.5 
23 boots, wiean, cies: Bo cists jew eien Sade earns ae mMaan were uray el avate @ ate 125.5 
24 Tegisters; MeAny GER. Hoos. ove arsine cere ckavetejevecehe ere coleve ete ene trotene once torenenetom ines 118.3 
25 rise, erilles to"bonnet, deg. Eis cxca omc serena ioee arcu aac akein neato oe Tico 
26 rise;-erilles to.registers, deg id) Ec-cate continence oe eae eee 51.3 
‘4 equivalent)registen) ele ecB yc oiiacc ote taawhe usuarios Gratetere eevee ratedeusu aia tepeRore ee onete 116.3 
28 basement; "deg; Br cet ic.c, susie: case Gee lenleliascreveke asus ea re hate ache eel ee oe eee 56.5 
29 Flue-gas temperature at furnace, deg. FP. ion. vceod es oss newe cee enone 528 
30 atibase chimneyi.der is. cee cece one crepe torte itera ence ee ee 296 
31 attop chimney; -CegnE ocrs.c. cra cucsog eevee nue oo ied ie eee Care oe eee 160 
32 Air, weight flowing through heater, Ib. per hr. ......... 00 00ccecvceeccceres cts 2665 
33 density at return, srilles, lb. per.cuc tists aacmecneeniee eter eeeineeler Sannin 0.0734 
34 density at furnace bonnet, Ib; pemieuc tt. «2. ox os «cake eee ine eee 0.0647 
35 density at registers: Ib. per cus ft: ese oer ci Une oe 0.0671 
36 volumeat return grilles; cus ft. per brivis euenscce «coe iietetce ete aie 36 300 
37 yolume-at;bonnet, cu.ft peribr=: sor sc pee cee cis een ene 41 200 
38 volume at‘registers, cu. ft; pershro. voces ce coin eaen See ee eee 39 700 
39 velocity in return-duct, £6. per Mines cose eee ee 102.0 
40 velocity; mean, at:registers; ft: per minysacers ocwe ccc pa eee ee 74.2 
41 recirculations, per-hr.c 21:8 tiscc he nee cs rien ne Oe eee 2.25 
42 Heatioficoali burned) Btu: per tas eee ee ee eee 91 800 
43 atibonnet, B:t-usper br:(=Capacity,))anocce aoe ec cena oe 45 750 
44 at-registers, 5.11, Der Winco. cers coal ects e omic ene Eee 32 900 
45 loss: of Residence; -Bstiussperhrie romance ee ee ee 88 800 
46 Efficiency, as of furnace/bonnet, per centuass aoe ae eee 49.8 
47 aso registers; percents. cet vie oan eae oe mone hh eee 35.8 
48 of pipesiand stacks, per. centers sone ero eee en 72.0 
49 of Residence, (=Overall)iper cent: acon np eee eee 96.8 
50 Draft, at smoke collariuins water, «ce oe eerie ie cee eee 0.120 
51 differential, ashpit to smoke collar, in. water.............cecceceecceveus 0.030 
52 Carbon "dioxidenn:flue: gas, pencenbacene ee acm ee meine cee erence 3.4 
53 Bvaporation’of water, Ib! per hres. ee ee eee ee ee eee soe 
54 Relative humidity, indoors percents asco iene eo eee eens ee 23.0 
55 Relative humidity, outdoors, per cent 
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TaBLE 3 (Continued) 
Typicat Data AND RESULTS, RESEARCH RESIDENCE 


Test Data and Results a 
40 43 57 62 66 67 70 71 14 
3-4-25 3-9-25 11-4-25 | 11-11-25 | 11-15-25 | 11-16-25 | 11-19-25 | 11-20-25 2 
29.30 29.20 29.30 29.10 29.10 29.60 29.50 29.60 3 
W-3 S-3 S-12 E-3 N-10 W-3 W-8 SW-5 4 
Clear Clear Cloudy Clear Snow Cloudy | P. Cloudy Clear 5 
Anthr Anthr Anthr Anthr. Anthr Anthr Anthr Anthr 6 
11 852 11 852 12 618 12 618 12 618 12 618 12 618 12 618 7 
Mead 72.27 78.22 78.22 hemes 78.22 78.22 78.22 8 
6.79 6.79 5.79 5.79 5.79 5.79 5.79 5.79 9 
15.86 15.86 175 11.75 LES 11.75 LL75 PASS: 10 
5.08 5.08 4.24 4.24 4.24 4.24 4.24 4.24 11 
115 80 65 65 140 112 95 85 12 
22.0 12.0 18.5 9.0 17.0 15.0 13.0 14.5 13 
18.2 12.7 Toke) 7.6 16.5 13.2 11.2 10.0 14 
110.3 80.8 52.4 63.4 139.4 109.9 92.9 79.8 15 
1.60 1.17 0.36 0.92 2.01 1.59 1.34 £415 16 
*32.0 61.0 51.0 48.5 27.0 27.0 34.5 39.6 17 
50.0 76.0 56.0 61.0 34.0 33.0 44.0 50.0 18 
23.0 40.0 45.0 40.0 30.0 23.0 28.0 32.0 19 
70.5 72.2 70.2 71.9 67.6 69.2 68.9 68.9 20 
69.0 71.0 71.0 M2 68.5 69.5 69.0 69.0 21 
3 Ua bs ages 113.5 LEE 112.0 119.0 106.0 117.0 110.5 22 
107.5 105.0 104.0 106.1 111.0 110.2 103.3 103.3 23 
102.5 97.5 99.0 99.5 117.0 115.0 107.0 102.0 24 
48.5 42.5 40.0 39.5 40.5 48.0 48.0 41.5 25 
33.5 26.5 28.5 28.5 37.5 36.5 35.0 30.0 26 
98.5 91.5 93.5 93.5 102.5 101.5 100.0 95.0 27 
58.4 62.0 63.0 64.0 62.0 61.0 62.0 62.0 28 
241 290 206 212 263 271 258 270 29 
141 177 106 106 137 136 126 lil 30 
102 110 ae 84 86 88 87 80 31 
2350 2200 1823 2088 2251 2566 2355 2212 32 


90.0 84.6 70.0 81.0 96.5 97.5 98.1 84.0 39 
63.8 59.3 49.4 56.9 62.6 70.5 63.6 59.2 40 
1.98 1.87 1.54 1.79 1.91 2.15 1.97 1.85 41 


50.6 59.7 53.9 60.9 39.0 52.4 57.6 50.7 | 46 
35.0 37.2 37.9 43.3 29.0 40.0 41.3 B72" 4? 
69.0 62.3 70.1 aie 74.2 76.2 71-7 73.5 | 48 
115.0 51.5 104.0 103.0 94.5 101.5 111.0 101.0 | 49 
0.067 0.040 0.030 0.027 0.065 0.067 0.050 0.038 | 50 
—0.019 0.008 |—0.008 |—0.007 |—0.017 |—0.014 |-0.009 |-0.006 | 51 
9.0 9.5 9.4 9.4 9.7 9.4 8.4 8.8 | 52 
270 34.0 44.0 40.0 35.5 35.0 36.0 34.0 | 54 
674 72.0 84.3 71.3 85.3 85.0 -| 83.0 Tat, 85 


o 71—First Installation, single thermostatic control, no humidi- 


i including Nos. 38 t t L 
ee cee t but pipe to northwest bedroom covered with 2-ply air-cell paper. 


fying apparatus. Tests 55 to 71, same, 
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TABLE 3 (Continued) 
TyricaL Data AND Resutts, RESEARCH RESIDENCE 


tee Test Data and Results 

1 95 96 97 98 102 103 105 111 

2 1-7-26 1-8-26 | 1-11-26 1-12-26 1-19-26 1-20-26 1-22-26 1-28-26 
3 29.60 29.50 29.40 29.20 29.30 29.40 29.80 29.50 
4 N-7 N-5 NW-7 W-8 Sw-4 NW-5 N-8 W-7 
5 Clear Snow Snow Snow P. Cloudy Rain Clear Clear 
6 Anthr. Anthr. Anthr. Anthr. Anthr. Anthr. Anthr. Antbr. 
7% 12 618 12 618 12 618 12 618 12 618 12 618 11 852 11 852 
8 78.22 78.22 78.22 78.22 78.22 78.22 72.27 72.27 
9 5.79 5.79 5.79 5.79 5.79 5.79 6.79 6.79 
10 11.75 11.75 ia Leeds The75. 11.75 11.75 15.86 15.86 
11 4.24 4,24 4.24 4.24 4.24 4.24 5.08 5.08 
12 145 170 170 190 100 125 210 225 
13 29.0 22.0 27.0 31.0 17.0 21.0 37.0 26.0 
14 17.0 20.0 20.0 22.3 11.8 14.7 33.3 35.7 
15 tS Val 167.7 161.9 180.0 94.0 i Wier 205.4 237.0 
16 1.90 2.42 2.34 2.60 1.36 1.70 2.97 3.42 
1% 26.2 24.1 17.0 18.8 38.7 32.0 5.0 2.3 
18 32.0 28.0 35.0 26.0 45.0 35.0 13.0 12.0 
19 22.0 22.0 2.0 6.0 33.0 26.0 —2.0 —2.0 
20 66.3 Cina 69.9 70.1 71.2 70.0 70.0 70.9 
21 67.0 68.5 70.5 69.5 72.5 71.0 69.5 69.5 
22 118.0 124.5 137.5 144.5 128.0 125.0 148.0 152.5 
23 114.2 120.2 132.6 139.6 123.8 120.7 142.6 147.3 
24 110.5 120.0 123.5 122.5 110.5 112.5 130.5 134.0 
25 61.0 66.0 67.0 75.0 55.5 54.0 78.5 83.0 
26 38.0 43.0 51.0 58.0 42.0 40.5 61.0 65.0 
2 103.0 108.0 116.0 123.0 107.0 105.5 126.0 130.0 
28 58.0 58.0 59.0 58.0 61.0 60.0 56.0 56.0 
29 475 391 463 534 349 333 633 638 
30 282 200 225 273 152 150 358 326 
31 149 126 115 136 97 92 165 177 
32 2669 2720 2927 3089 2494 2670 3310 3393 
33 0.0746 0.0740 0.0734 0.0730 0.0730 0.0734 0.0745 0.0737 
34 0.0678 0.0667 0.0651 0.0640 0.0660 0.0664 0.065C 0.0638 
35 0.0688 0.0674 0.0669 0.0664 0.0681 0.0680 0.0669 0.0658 
36 35 800 36 750 39 900 42 300 34 200 36 400 44 500 46 000 
37 39 400 40 800 45 000 48 300 37 800 40 200 51 000 53 200 
38 38 800 40 300 43 800 46 500 36 600 39 250 49 500 51 600 
39 100.6 103.2 112.1 118.9 96.2 102.4 125.0 129.2 
40 72.5 75.3 81.9 86.9 68.4 73.4 92.5 96.5 
41 2.22 2.29 2.48 2.62 2.12 2.26 2.76 2.85 
42 72 500 84 500 84 500 94 500 50 500 62 800 101 200 108 300 
43 34 365 36 855 47 480 56 030 33 405 34 760 62 466 67 912 
44 24 350 28 100 35 850 43 000 25 150 25 950 48 500 53 000 
45 59 800 61 800 77 000 76 300 46 500 54 700 95 000 101 000 


46 47.4 43.6 56.2 59.3 66.1 55.4 61.7 62.6 
47 33.6 33.2 42.4 45.5 59.8 41.3 49.0 48.9 
48 70.8 75.2 75.5 76.7 75.2 74.7 77.6 78.1 
49 83.0 73.0 91.0 81.0 92.0 87.0 94.0 93.0 
50 0.105 0.095 0.095 0.106 0.065 0.065 0.102 0.136 
51 0.028 0.048 0.011 0.044 —0.009 0.004 0.011 0.050 
52 5.8 5.8 5.6 6.4 10.0 11-5 10.7 11.2 
53 0.78 1.03 1.33 1.20 0.67 0.74 1.42 1.74 
54 23.8 23.2 23.2 22.5 29.3 29.2 23.0 22.4 
55 86.3 91.3 94.7 94.0 92.3 100.0 96.7 91.7 


Daily tests including Nos. 95 to 111—Second Installation, anthracite coal. Leader pipe to north- f 


west bedroom covered with 2-ply air-cell paper. Dome pan humidifier. Dual thermostatic control 
in these and all succeeding tests. 
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Test Data and Results foe 

112 114 115 116 le les 118 119 120 1 
1-29-26 2-1—26 2-—2-26 2-3-26 2—4-26 2-7-26 2-8-26 2-9-26 2 
29.30 29.30 29.40 29.40 29.50 29.40 29.15 29.10 3 
S-8 W-3 S-2 W-3 W-4 S-3 W-3 NW-8 | 4 
P. Cloudy Rain Rain Rain Cloudy Cloudy Rain Snow 5 
Coke Coke Coke Coke Coke Coke Coke Coke 6 
11 802 11 802 12 510 12 510 12 510 13 100 13 100 13 100 7 
76.87 76.87 82.45 82.45 82.45 88.66 88.66 88.66 8 
4.74 4.74 3.73 3.73 3.¢3 Ona 0.77 On77 9 
14.13 14.13 10.71 10.71 LOW 1 9.57 9.57 9.57 10 

| 4.26 4.26 3.11 ocd 3.11 1.00 1.00 1.00 11 
195 140 155 125 156 105 110 120 12 
18.5 24.0 14.0 11.0 13.0 8.0 10.0 12.0 13 
216 19.8 16.6 13.4 16.7 10.0 10.5 11.5 14 
206.3 134.8 158.0 127.8 160.3 107.2 110.6 119.4 15 
2.98 1.95 2.28 1.85 2.32 1.55 1.60 eres) 16 

| 3o.0 36.0 36.2 33.0 30.0 37.8 mY fas 27.0 17 
40.0 38.0 39.0 40.0 32.0 41.0 41.0 33.0 18 
15.0 34.0 34.0 27.0 30.0 32.0 31.0 19.0 19 
71.2 69.5 W110 Oats wb0 70.3 70.6 69.6 20 
70.5 70.5 72.0 72.0 72.0 72.95 72.0 71.5 21 
127.5 121.0 124.5 127 45 131.5 121.5 125.0 131.0 22 
123.2 LIS-S 120.3 122.9 126.7 116.3 120.8 126.4 23 
120.0 111.5 113.0 114.0 114.0 109.5 112.5 115.5 24 
57.0 50.5 52.5 55.5 59.5 49.0 53.0 59.5 25 
44.0 37.0 39.0 41.0 45.0 36.0 39.5 44.0 26 
109.0 102.0 104.0 106.0 110.0 101.0 104.5 109.0 27 
59.0 60.0 60.0 60.0 60.0 61.0 61.0 60.0 28 
397 376 365 322 333 331 331 473 29 
192 210 206 139 138 228 157 250 30 
137 127 120 91 95 136 99 113 31 
2868 2569 2601 2725 2901 2696 2679 2780 32 
0.0732 0.0732 0.0732 0.0732 0.0734 0.0732 0.0725 0.0725 33 
0.0660 0.0666 0.0667 0.0662 0.0660 0.0669 0.0660 0.0651 34 
0.0669 0.0678 0.0680 0.0678 0.0680 0.0683 0.0674 0.0670 35 
39 200 35 100 35 500 37 250 39 600 36 850 37 000 38 400 36 
43 500 38 600 39 000 41 200 44 000 40 300 40 600 42 700 37 
42 900 37 900 38 300 40 200 42 700 39 500 39 500 41 500 38 
110.0 98.7 99.8 104.6 111.2 103.5 104.0 107.9 39 
80.3 70.8 GAG 75.1 79.8 73.8 74.4 Tia 40 
2.43 ZeAd. 2.20 2.31 2.45 2.28 2.30 2.38 41 
85 100 68 300 80 300 64 700 80 800 56 500 59 200 64 600 42 
39 506 31 180 33 045 36 445 41 510 31 680 34 310 39 890 43 
30 300 22 800 24 350 26 800 31 400 23 300 25 400 29 400 44 
55 000 46 400 46 000 51 500 57 000 45 250 46 000 64 400 45 
46.4 45.7 41.2 56.4 51.4 56.1 57.9 61.7 46 
35.7 33.4 30.3 41.5 38.8 41.3 42.9 45.5 47 
76.7 73.0 13.7 Texts) 75.7 “oro 74.0 73.5 48 
65.0 68.0 57.0 80.0 71.0 80.0 78.0 100.0 49 
0.082 0.065 0.070 0.068 0.063 0.061 0.057 0.077 50 
-—0.009 —0.006 0.054 0.022 0.000 0.003 —0.005 0.014 51 
11.0 11.0 Uae 12.6 11.4 11.2 11.8 12.0 52 
0.99 0.70 0.57 0.78 went 0.57 0.58 pra! 53 
24.5 29.2 29.0 28.1 26.3 28.2 28.7 28.4 54 
79.3 95.3 95.3 95.0 89.0 81.3 80.3 92.7 55 


Daily tests including Nos. 112 to 120—same as 95 to 111, but coke used as fuel. 
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Typicat Data AND RESULTS, RESEARCH RESIDENCE 


Item 


No. Test Data and Results 
1 121 122 124 126 127 132 136 137 
2 2-10-26 2-11-26 2-13-26 2-16-26 2-17-26 2-24-26 3-—2-26 3-3-26 
3 29.40 29.30 29.00 29.50 29.30 29.20 29.50 29.60 
4 NW-8 SW-3 E-3 8-3 S-4 SE-8 NW-10 NW-5 
5 | P. Cloudy Sunny Rain Sunny Rain Cloudy Clear Clear 
6 Bitum Bitum Bitum Bitum Bitum Bitum Bitum Bitum 
i EY 7s 120 173 11 178 LOLs 11 178 11 178 11 178 11 178 
8 42.18 42.18 42.18 42.18 42.18 42.18 42.18 42.18 
9 36.07 36.07 36.07 36.07 36.07 36.07 36.07 36.07 
10 12.89 12.89 12.89 12.89 12.89 12.89 12.89 12.89 
11 8.86 8.86 8.86 8.86 8.86 8.86 8.86 8.86 
12 210 225 145 160 165 195 285 260 
13 14.0 26.0 25.0 20.0 19.0 25.0 34.0 40.0 
14 fers 29.0 18.7 20.6 21.3 25.1 36.7 33.5 
15 227.1 228.9 136.8 160.8 168.0 195.1 288.5 251.5 
16 3.28 3.31 1.98 2.32 2.43 2.82 4.16 3.64 
17 21.6 28.6 Sire 34.5 42.4 37.2 15.5 20.8 
18 30.0 33.0 45.0 40.1 51.0 50.0 22.0 28.0 
19 16.0 20.0 33.0 26.0 36.0 27.0 11.0 15.0 
20 69.5 69.3 Gol. 70.8 71.3 70.2 69.1 70.0 
2k 69.0 69.0 71.0 70.0 70.0 69.5 68.0 68.5 
22 132.0 131.0 122.0 118.5 118.5 126.0 139.5 128.0 
23 127.4 126.6 116.9 114.7 113.4 121.6 134.4 123.4 
24 114.0 118.0 112.0 112.0 109.0 116.5 121.5 116.0 
25 63.0 62.0 51.0 48.5 48.5 56.5 71.5 59.5 
26 48.0 47.5 37.0 36.0 35.5 42.5 54.5 44.0 
27 113.0 112.5 102.0 101.0 100.5 107.5 119.5 109.0 
28 57.0 57.0 60.0 60.0 60.0 61.0 58.0 57.0 
29 450 465 460 359 506 432 656 589 
30 244 242 254 203 320 268 462 414 
31 123 129 115 129 166 122 240 221 
32 3102 2998 2518 2480 2562 2706 3188 2974 


42 96 200 103 100 66 400 73 300 75 600 89 300 130 600 119 200 

43 47 390 44 995 31 185 29 175 40 155 36 870 55 555 42 555 
44 35 800 34 200 22 350 21 400 21 850 27 600 41 700 31 400 
45 71 600 55 100 48 200 49 800 42 000 51 250 82 400 70 500 


46 49.3 43.6 47.0 39.8 39.9 41.3 42.5 35.7 
47 37.2 33.2 33.7 29.2 28.9 30.9 31.9 26.3 
48 75.5 76.0 71.6 73.4 72.5 74.8 75.0 73.8 
49 75.0 53.0 73.0 68.0 56.0 57.0 63.0 59.0 
50 0.107 0.077 0.084 0.077 0.064 0.0116 0.0190 0.147 
51 0.019 0.045 —0.002 —0.006 —0.005 0.013 0.032 0.048 1 
52 8.6 10.4 LORE) Siew ereres eee 8.3 11.2 8.7 
53 0.85 0.77 0.69 0.69 cipro 0.84 alealy, 1.03 
54 28.5 26.6 291.7 28.4 30.0 25.6 20.5 20.0 
55 86.7 89.7 85.0 79.0 idhonds 88.0 89.3 87.3 


Daily tests including Nos. 121 to 137—same as 95 to 111, but bituminous coal used for fuel. 
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TABLE 3 (Continued) 
TypicaL Data anp Resuurs, RESEARCH RESIDENCE 


Test Data and Results i 
151 152 154 158 173 177 197 198 1 
11-2-26 11-3-26 11-5-26 | 11-13-26 | 12-13-26 | 12-17-26 1-14-27 1-15-27 2 
29.52 29.46 29.38 29.31 29.21 29.80 30.00 29.81 3 
Sw-2 E-2 SW-3 S-6 NW-18 NW-4 NW-10 W-5 4 
Clear Misty Clear Cloudy Cloudy Cloudy Clear Clear 5 
Anthr Anthr Anthr Anthr. Anthr Anthr. Anthr Anthr 6 
12 996 12 996 12 996 12 996 12 996 12 996 12 996 12 996 th 
79.53 79.53 79.53 79.53 79.53 79.53 79.53 79.53 8 
6.06 6.06 6.06 6.06 6.06 6.06 6.06 6.06 9 
12.08 12.08 12.08 12.08 12.08 12.08 12.08 12.08 10 
2.33 2.33 2.33 2.33 2.33 2.33 2.33 2.33 11 
105 100 90 85 160 165 230 235 12 
9.5 17.0 19.0 11.0 22.0 2S 32.5 32.0 13 
12.7 12.1 10.9 10.2 19.3 19.9 27.8 28.4 14 
108.6 94.5 80.9 84.1 157.0 160.7 224.7 231.0 15 
1.57 1.37 PAt7. 1.22 2527 2.42 3.25 3.34 16 
35.5 36.5 44.5 49.0 16.1 19.0 —5.4 —0.8 17 
41.0 38.0 55.0 56.0 38.0 28.0 10.0 12.0 18 
29.0 35.0 41.0 55.0 4.0 11.0 —16.0 —15.0 19 
71.6 70.6 70.6 71.0 69.6 69.8 P-Rts 73.5 20 
69.5 69.5 70.0 70.0 66.5 67.0 66.5 65.5 21 
113.5 114.5 106.0 110.0 132.0 129.0 151.0 152.0 22 
106.0 106.5 99.5 103.0 123.0 120.0 140.5 141.0 23 
109.0 109.0 97.5 102.0 117.5 117.0 130.0 132.5 24 
44.0 45.0 36.0 40.0 65.5 62.0 84.5 86.5 25 
32.5 33.5 26.5 29.5 51.0 48.0 68.0 70.0 26 
97.5 98.5 91.5 94.5 116.0 113.0 133.0 135.0 27 
66.5 67.0 66.0 67.0 65.0 62.5 62.0 60.0 28 
252 256 172 203 382 306 455 542 29 
154 158 118 130 232 168 235 307 30 
81 85 73 86 110 94 135 169 31 
2437 2287 1862 1962 2785 2881 3521 3491 32 


92.8 87.2 71.3 75.4 106.5 108.2 131.0 130.6 39 
65.6 61.8 49.7 53.0 77.9 78.5 98.4 98.5 40 
2.05 1.93 1.57 1.66 2.35 2.39 2.90 2.89 41 


49 300 43 900 38 400 36 000 95 600 (Al SOU Wl BAG econ Wh ep tiomta 45 
44.0 48.3 36.8 41.5 51.5 47.3 9 58.0 46 
32.4 35.9 27.0 30.5 40.1 36.6 47.3 47.0 47 
73.8 74.5 73.5 73.8 77.8 77.5 4 81.0 48 
84.0 92.0 88.0 79.0 112.0 79.0 49 

0.063 0.063 0.047 0.056 0.125 0.097 0.142 0.138 50 

—0.007 —0.002 —0.014 —0.013 0.004 0.019 0.025 0.034 51 
c -055 0.033 0.046 0.116 0.096 0.132 0.144 | 52 

sid : Wi oid | Wacuaveette, © || beweyecscs 1.90 1.37 2.51 Ae 53 
27.4 27.8 28.2 20.5 27.2 23.0 18.0 ‘ 54 
61.0 81.0 66.0 68.0 81.0 73.0 100.0 100.0 55 


Daily tests including Nos. 151 to 198—Third Installation. One-inch layer of Balsam Wool in 
attic over northwest bedroom, and pipe uninsulated in these and all succeeding tests. Tests 197 and 
198 same, but with division plates in casing between return air shoes. 
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Tas_eE 3 (Continued) 
Tyricat Data AND REesutts, RESEARCH RESIDENCE 
ee Test Data and Results 

1 201 202 204 205 212 217 218 219 
2 | 1-25-27 | 1-26-27 | 1-28-27] 1-29-27 | 2-10-27 | 2-18-27 | 2-19-27 | 2-20-27 
3 29.83 30.14 29.28 29.10 29.57 29.46 29.38 29.22 
4 Ww-3 NW-7 SW-5 SE-7 w-4 N-10 N-10 N-5 
5 Clear Clear Cloudy Cloudy Clear Clear Clear P. Cloudy 
6 Anthr. Anthr Anthr. Anthr Anthr Anthr Anthr Anthr 
7 | 12 996 12 996 12 996 12 996 12 996 12 996 12 996 12 996 
8 79.53 79.53 79.53 79.53 79.53 79.53 79.53 79.53 
9 6.06 6.06 6.06 6.06 6.06 6.06 6.06 6.06 
10 12.08 12.08 12.08 12.08 12.08 12.08 12.08 12.08 
11 2.33 2.33 DoS 2.33 2.33 OTS8 2.33 DF28 
12 150 185 125 120 130 165 125 135 
13 11.0 19.0 24.0 18.0 22.5 18.0 32.0 30.0 
14 18.1 22.4 15.1 14.5 15.7 19.9 15.1 16.3 
15 | 158.0 188.8 115.0 116.1 192.83 167.1 106.0 119.6 
16 PRIS 2.73 1.66 1.68 177. DRONE Mh woes ceca 1.73 
17 25.5 4.7 36.2 38.7 26.3 QO 30.5 32.5 
18 37.0 12.0 37.0 45.0 33.0 30.0 39.0 40.0 
19 10.0 0.0 33.0 35.0 22.0 17.0 22.0 27.0 
20 71.5 Tol 71.6 71.0 70.0 71.4 72.5 70.5 
21 67.0 65.5 68.5 68.5 66.5 67.5 69.0 67.5 
22 | 123.0 140.5 121.5 120.0 121.5 127.5 131.0 117.5 
23 | 115.0 131.0 113.5 112.0 113.5 119.5 122.5 110.0 
24 | 113.0 130.0 110.5 107.5 110.5 118.5 117.5 109.0 
25 56.0 75.0 53.0 51.5 55.0 60.0 62.0 50.0 
26 43.5 59.5 40.5 39.0 42.5 48.5 48.5 39.5 
27 | 108.5 124.5 105.5 104.0 107.5 113.5 113.5 104.5 
28 62.0 61.0 63.0 63.0 62.5 63.0 63.0 63.0 
29 295 472 265 271 286 330 332 249 
30 163 259 146 152 156 174 177 141 
31 96 127 88 87 92 91 91 78 
32 2488 3211 2384 2348 2577 2719 2682 2332 
33 | 0.0745 0.0760 0.0733 0.0730 0.0743 0.0740 0.0735 0.0733 
34 | 0.0677 0.0666 0.0666 0.0664 0.0674 0.0677 0.0659 0.0669 
35 | 0.0693 0.0683 0.0682 0.0681 0.0683 0.0663 0.0674 0.0680 
36 | 33 400 42 300 32 600 32 200 34 700 36 750 36 500 31 800 
37 | 36 750 48 200 35 800 35 300 38 200 40 200 40 700 34 900 
38 | 35 900 47 000 34 900 34 500 37 400 41 000 39 800 34 300 
39 94.0 119.0 91.6 90.5 97.5 103.3 102.5 89.4 
40 67.1 87.9 65.2 64.5 69.9 76.6 74.4 64.1 
41 2.07 2.63 2.02 2.00 2.15 2.28 2.26 1.97 
42 | 85 600 | 102 200 62 300 62 800 66 200 C1) GU coast 64 800 
43 | 33 500 57 800 30 700 29 050 34 100 301 200: meee 28 000 
44 | 26 000 45 900 23 200 22 000 26 300 31 700 31 250 22 100 
45 | 63 500 | 100 000 53 200 51 100 62 700 78 400 64 400 56 700 
46 39.2 56.5 49.3 46.3 51.5 4gh3i \\\" eae 43.2 
47 30.4 44.9 Sime 35.0 39.8 350.) See 34.1 
48 77.5 79.3 75.5 75.7 Tilt SOAS » lee 78.9 
49 74.0 98.0 84.0 82.0 94.0 S750! |e wk eee 87.0 
50 | 0.102 0.140 0.071 0.075 0.069 0.101 0.095 0.068 
51 | 0.017 0.027 O009" ||) 22282" — |e eae =|) genres | ee 
52 11.2 1288 11.5 10.6 12.0 10.0 126) 11.0 
53 1.28 2.30 1.14 1.18 2.40 2.06 Mee 1.78 
54 26.8 21.6 28.1 29.2 29.5 27.0 26.0 28.5 
55 83.0 79.0 91.0 90.0 Hilo) 74.0 71.0 72.0 


Daily tests including Nos. 201 to 219—Fourth Installation, anthracite coal. 
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Test Data and Results ee 
222 223 224 225 226 228 1 
3-1-27 3-2-27 3-3-27 3-4-27 3-7-27 3-12-27 2 
29.69 29.75 29.77 29.62 29.12 29.21 3 
N-7 NW-5 N-2 NW-3 W-5 SE-5 4 
Cloudy Clear Clear Clear Cloudy Rain 5 
Bitum. Bitum. Bitum. Bitum. Bitum. Bitum 6 
14 836 14 836 14 836 14 836 14 836 14 836 Uf 
75.24 75.24 75.24 75.24 75.24 75.24 8 
17.84 17.84 17.84 17.84 17.84 17.84 9 
5.15 5.15 5.15 5.15 5.15 on15 10 
7 V7 Wea Levey iad Len 11 
150 125 120 120 105 70 12 
21.0 20.0 25:0 29.5 18.0 18.0 13 
kee 6.4 6:2 6.2 5.4 3.6 14 
136.9 111.6 101.5 97.1 92.6 55.8 15 
1.98 1.68 1.47 1.41 1.34 0.81 16 
27.7 30.7 31.0 38.0 42.0 54.5 17 
32.0 43.0 44.0 53.0 50.0 60.0 18 
21.0 21.0 23.0 30.0 34.0 43.0 19 
| 69.8 70.9 Alea 71.4 ante PE 20 
67.0 68.0 GV 5t5) 69.0 70.0 72.0 21 
121.0 118.0 119.0 114.0 116.0 104.5 22 
113.5 110.5 TASS 107.0 108.5 98.5 23 
112.0 106.0 105.5 103.0 102.0 92.5 24 
54.0 50.0 Seo 45.0 46.0 32.5 25 
42.0 38.5 39.0 34.5 34.0 23.5 26 
107.0 103.5 104.0 99.5 99.0 88.5 27 
62.0 63.0 62.0 64.0 62.5 67.0 23 
375 324 315 305 303 173 29 
245 211 189 203 ilvere 109 30 
135 120 127 105 106 82 31 
2623 2504 2538 2338 2082 1662 32 
0.0746 0.0747 0.0747 0.0742 0.072 0.0727 33 
0.0678 0.0682 0.0680 0.0683 0.0670 0.0686 34 
0.0691 0.0697 0.0697 0.0695 0.0684 0.0696 35 
35 200 33 500 34 000 31 500 28 600 22 900 36 
38 700 36 750 37 300 34 200 31 100 24 200 37 
37 900 35 900 36 400 33 600 30 450 23 900 38 
99.0 94.2 95.6 88.5 80.5 64.5 39 
70.9 67.1 68.0 62.8 57.0 44.6 40 
2.18 2.08 2.11 1.95 aide 1.42 41 
84 600 69 000 62 700 60 000 57 200 34 500 42 
34 200 30 050 31 400 25 300 26 000 13 000 43 
26 600 23 450 23 800 19 350 17 000 9 380 44 
64 700 59 700 54 100 47 700 45 300 30 300 45 
40.4 43.5 50.0 42.2 45.4 37.7 46 
31.4 34.0 38.0 32.2 29.7 Qhe2 47 
77.8 78.0 75.8 76.5 65.4 a2 48 
76.0 86.0 86.0 79.0 79.0 88.0 49 
0.120 0.095 0.093 0.080 0.074 0.058 7 
9.2 8.4 9.0 8.7 8.5 8.2 52 
2.24 2.24 2.11 1.56 1.30 0.92 53 
31.0 30.5 30.0 29.0 33.2 43.0 54 
75.0 62.0 62.0 64.0 81.0 91.0 55 


Daily tests including Nos. 


222 to 228—Fourth Installation, good quality bituminous coal. 
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TaBLE 3 (Continued) 
TyricaL Data AND REesuLtTs, RESEARCH RESIDENCE 
tte Test Data and Results 

1 233 234 235 236 237 239 

2 11-10-27 11-12-27 11-16-27 11-17-27 11-18-27 11-20-27 
3 29.37 29.89 29.43 29.43 29.64 29.47 
4 S-8 W-5 NW-5 NW-5 NW-3 SWw-7 
5 P. Cloudy Clear Cloudy Cloudy Clear Cloudy 
6 Bitum. Bitum. Bitum. Bitum. Bitum. Bitum. 
7 11 881 11 881 11 881 11 881 11 881 11 881 
8 50.89 50.89 50.89 50.89 50.89 50.89 
9 32.00 32.00 32.00 32.00 32.00 32.00 
10 Sagal 8.71 Suz Sra Sagal 8.71 
11 8.40 8.40 8.40 8.40 8.40 8.40 
12 85 133 160 170 185 140 
13 13.5 12.0 21.0 20.0 20.0 14.5 
14 7.4 11.6 13.9 14.8 16.1 12.2 
15 77.4 132.5 151.3 163.6 180.2 13702 
1 ie; 1.91 2.19 2.37 2.61 1.98 
17 58.5 33.0 31.0 29.0 27.5 48.0 
18 63.0 43.0 47.0 32.0 33.0 52.0 
19 48.0 29.0 28.0 26.0 24.0 35.0 
20 71.6 72.6 70.1 69.5 Wee 65.5 
21 Tae 70.0 67.0 66.8 68.5 TOT 
22 108.9 116.2 116.9. 118.3 124.9 121.0 
23 105.2 112.6 113.0 114.0 120.5 116.7 
24 99.4 112.0 110.0 115.0 117.0 118.0 
25 36.7 46.2 49.9 51.5 56.4 48.3 
26 27.2 35.0 37.8 39.2 43.5 36.3 
27 92.2 100.0 102.8 104.4 108.5 101.3 
28 68.0 67.0 66.0 67.0 67.0 69.0 
29 219 348 323 376 373 324 
30 142 224 225 270 248 221 
31 84 109 119 136 130 98 
32 1738 2149 2194 2290 2405 1826 
33 0.0732 0.0748 0.0737 0.0740 0.0743 0.0734 
34 0.0686 0.0686 0.0676 0.0674 0.0670 0.0674 
35 0.0695 0.0700 0.0690 0.0688 0.0686 0.0686 
36 23 800 28 700 29 800 31 000 32 400 24 900 
37 25 400 31 400 32 500 34 000 35 900 27 100 
38 25 000 30 700 31 800 33 300 35 100 26 600 
39 65.8 79.6 82.4 85.7 89.6 68.8 
40 46.7 57.4 59.5 62.2 65.6 49.7 
41 1.48 1.78 1.85 1.92 2.01 1.55 
42 38 300 65 600 75 000 81 000 89 300 67 900 
43 15 300 23 800 26 300 28 300 32 580 21 180 
44 11 350 18 050 19 910 21 550 25 120 15 920 
45 24 700 58 800 58 200 60 000 61 800 44 400 
46 40.0 36.3 35.1 35.0 36.5 31.2 
47 29.6 27.5 26.5 26.6 2801 23.4 
48 74.1 75.9 75.8 76.3 77.0 75.2 
49 64.6 89.6 77.6 Uae 69.2 65.4 
50 0.053 0.102 0.100 0.112 0.113 0.103 
51 0.016 —0.010 0.014 0.040 0.080 0.008 
52 2 7.0 7.6 8.5 8.3 8.6 
5 xine 

54 43.0 27.0 30.0 28.0 26.5 28.0 
55 91.0 72.0 83.0 81.0 76.0 68.0 


Daily tests including Nos. 233 to 239—Fourth Installation, inferior bituminous coal. 
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Test Data and Results Tim 
243 245 246 247 249 250 253 254 1 
12-8-27 12-10-27 | 12-12-27 | 12-14-27 | 12-17-27 | 12-18-27 | 12-31-27 1-1-28 2 
29.72 29.51 29.23 29.22 29.34 29.58 29.48 29.78 3 
W-15 WHS ile eehecrsts NE-2 NW-8 NW-8 W-15 W-6 4 
Clear Snow Foggy Clear Clear Clear Storm Clear 5 
Anthr Anthr Anthr. Anthr Anthr Anthr Anthr Anthr. 6 
12 996 12 996 12 996 12 996 12 996 12 996 12 996 12 996 7 
79.53 79.53 79.53 79.53 79.53 79.53 79.53 79.53 8 
6.06 6.06 6.06 6.06 6.06 6.06 6.06 6.06 9 
| 12.08 12.08 12.08 12.08 12.08 12.08 12.08 12.08 10 
| 2.33 2.33 2.33 2.33 2.33 2.33 2.33 2.33 11 
| 265 150 80 75 200 225 280 265 12 
57.0 22.0 22.0 13.0 28.0 35.0 54.0 48.0 13 
32.0 18.1 hae 9.1 24.2 27.2 33.8 32.0 14 
236.9 145.6 66.2 70.6 195.8 216.3 257.3 247.0 15 
3.43 2.11 0.96 1.02 2.83 3.13 3.72 3.57 16 
6.3 32.3 54.0 43.5 14.0 7.0 —3.2 —5.0 i 
10.0 36.0 60.0 48.0 1720 14.0 8.0 2.0 18 
2.0 28.0 38.0 32.0 8.0 4.0 —9.0 —11.0 19 
72.9 72.0 73.8 T2.7 70.5 70.3 69.5 72.2 20 
64.2 67.2 WO0n¢ 69.5 64.2 63.5 62.7 63.7 21 
151.5 126.4 118.1 115.9 139.3 144.3 161.0 158.9 22 
146.0 121.9 114.0 112.0 134.2 139.0 155.2 153.1 23 
145.0 113.5 106.0 107.0 132.0 127.5 143.0 189.5 24 
87.3 57.2 47.4 46.4 (Adad) 80.8 98.3 95.2 25 
70.8 46.7 36.3 35.7 60.4 65.6 80.3 78.8 26 
135.8 i hs Ue Na 101.3 100.7 125.4 130.6 145.3 143.8 27 
64.5 64.5 66.0 65.5 63.0 62.0 64.0 63.0 28 
625 303 250 247 516 563 718 634 29 
414 192 150 159 316 344 421 327 30 
203 101 78 77 145 151 169 186 31 
2814 1780 1535 1454 2226 2442 2683 2548 32 
0.0751 0.0742 *| 0.0730 0.0730 0.0740 0.0748 0.0747 0.0754 33 
0.0643 0.0667 0.0669 0.0672 0.0647 0.0648 0.0629 0.0637 34 
0.0660 0.0680 0.0682 0.0645 0.0665 0.0667 0.0648 0.0656 35 
37 500 24 000 21 000 20 000 30 100 32 700 35 900 33 800 36 
43 800 26 700 22 900 21 600 34 400 37 700 42 700 40 000 37 
42 600 26 200 22 500 21 200 33 500 36 600 41 400 38 900 38 
103.5 66.4 58.0 55.3 83.2 90.4 99.2 93.5 39 
79.6 49.0 42.1 39.6 62.6 68.5 77.5 72.6 40 
2.33 1.49 1.30 1.24 1.87 2.03 2.23 2.10 41 
128 300 78 800 35 800 38 200 106 000 117 200 139 500 133 700 42 
57 000 25 300 17 450 16 180 40 120 47 420 63 350 58 200 43 
47 800 19 960 13 370 12 450 32 300 38 500 51 750 48 200 44 
113 500 55 500 29 000 41 000 86 600 96 400 123 500 121 500 45 
46.0 32.2 48.7 42.4 37.9 40.5 45.5 43.6 46 
37.3 25.3 37.4 32.6 30.5 32.9 37.1 36.1 47 
81.0 78.9 76.5 77.0 80.5 81.2 81.8 82.8 48 
88.5 95.0 81.0 106.0 81.8 82.4 88.7 91.0 49 
0.193 0.080 0.043 0.046 0.158 0.138 0.197 0.175 50 
0.022 —0.015 —0.018 —0.014 0.010 0.019 0.096 —0.057 51 
9.3 11.0 11.8 11.2 11.2 12.0 11.0 13.5 52 
‘heya il 0.68 0.63 0.43 0.66 0.79 1.28 1.29 53 
18.0 18.0 24.0 30.0 20.0 18.0 20.0 18.5 54 
84.0 88.0 97.0 85.0 67.0 CO Me el ies eo dale eeretent rs 55 


Daily tests including Nos. 243 to 254—-Fifth Installation, anthracite coal. 
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ter Test Data and Results 

1 256 257 258 ~ 259 260 261 

2 1-17-28 1-18-28 1-19-28 1-20-28 1-21-28 1-22-28 

3 29.52 29.10 28.97 29.55 29.66 29.46 

4 Ww-2 SW-3 W-15 NW-15 W-5 SW-10 

5 P. Cloudy Rain Cloudy Clear Clear Clear 

6 Anthr Anthr Anthr Anthr Anthr Anthr 

7 12 996 12 996 12 996 12 996 12 996 12 996 
8 79.53 79.53 79.53 79.53 79.53 79.53 
9 6.06 6.06 6.06 6.06 6.06 6.06 
10 12.08 12.08 12.08 12.08 12.08 12.08 
ll 2.33 2.33 2533 2.33 2033 2.33 
12 105 110 170 240 160 140 
13 21.0 15.0 25.5 42.0 22.0 18.0 
14 127 13.3 20.5 29.0 19.3 16.9 
15 95.7 108.1 164.4 225.4 157.0 138.8 
16 1.38 1.56 pees 3.26 eT 2.01 
17 36.1 41.5 28.3 13.0 24.0 32.2 
18 42.0 46.0 38.0 17.0 28.0 42.0 
19 32.0 34.0 10.0 19.0 11.0 24.0 
20 72.9 72.3 732 Wee 73.0 72.6 
21 65.8 65.7 65.3 61.8 62.5 63.5 
22 121.0 120.7 134.0 149.0 132.5 124.5 
23 117.0 116.5 129.3 143.5 128.0 125.2 
24 106.0 107.5 122.5 133.5 119.0 114.5 
25 55.2 55.0 68.7 87.2 70.0 66.0 
26 43.7 43.3 54.9 71.4 57.0 53.3 
27 108.7 108.3 119.9 136.4 122.0 118.3 
28 66.0 67.0 67.5 66.0 65.0 65.0 
29 316 304 435 625 444 382 
30 180 178 228 369 252 252 
31 106 86 115 182 142 118 
32 1686 1651 2066 2611 2160 2045 
33 0.0740 0.0733 0.0732 0.0750 0.0750 0.0744 
34 0.0674 0.0664 0.0647 0.0642 0.0663 0.0661 
35 0.0686 0.0677 0.0662 0.0660 0.0677 0.0677 
36 22 800 22 500 28 200 34 800 28 800 27 500 
37 25 000 24 900 31 900 4U 700 32 600 30 900 
38 24 600 24 400 31 200 39 200 31 900 30 200 
39 63.0 62.2 78.0 96.2 79.6 76.0 
40 46.0 45.6 58.3 Toe 59.6 56.4 
41 1.42 1.40 1.75 2.16 1.79 rial 
42 51 800 58 500 89 000 122 000 85 000 75 200 
43 22 350 21 800 34 100 54 700 36 300 32 400 
44 17 700 17 170 27 250 44 800 25 600 26 200 
45 50 200 44 400 78 500 102 500 71 400 66 000 
46 43.1 AS 38.3 44.8 42.7 43.1 
47 34.2 29.4 30.6 36.7 34.8 34.8 
48 79.3 78.9 80.0 81.9 81.5 80.8 
49 97.0 76.0 88.3 84.0 84.0 87.8 
50 0.065 0.066 0.156 0.190 0.118 0.102 
51 —0.010 —0.012 0.025 0.054 0.020 0.010 
52 9.8 10.0 10.4 11.4 10.4 10.0 
53 0.59 0.59 0.89 DOP) 1,40 0.94 
54 26.5 28.0 23.5 22.0 21.5 22.0 
55 81.0 84.0 77.0 67.0 61.0 64.0 


Daily tests including Nos. 256 to 261—Sixth Installation, anthracite coal, all returns open. 
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TABLE 3 (Continued) 
TypicaL Data AND Resuuts, Researcu ResipENce 


Test Data and Results pip 
262 263 264 265 266 267 268 269 

1-24-28 1-25-28 1-26-28 1-27-28 1-28-28 1-29-28 1-30-28 1-31-28 2 
29.02 29.40 29.56 29.58 29.64 29.51 29.57 29.52 3 

| W-10 NW-5 NW-3 NW-10 W-2 S-2 SW-3 SW-3 4 
Rain Clear Clear Clear Clear Clear P. Cloudy | Cloudy 5 
Anthr Anthr Anthr. Anthr. Anthr Anthr Anthr Anthr 6 

12 996 12 996 12 996 12 996 12 996 12 996 12 996 12 996 7 
79.53 79.53 79.53 79.53 79.53 79.53 79.53 79.53 8 

6.06 6.06 6.06 6.06 6.06 6.06 6.06 6.06 9 

12.08 12.08 12.08 12.08 12.08 12.08 12.08 12.08 10 

2.33 2.33 2.33 2.33 2.33 2.33 2.33 2.33 ig 

150 145 190 205 200 175 160 175 12 

29.0 21.0 26.0 29.0 35.0 30.5 25.5 25.5 13 

18.1 17.5 23.0 24.8 24.2 21.2 19.3 21.2 14 
137.8 141.0 186.6 200.3 187.9 164.5 153.0 170.2 15 
1.99 2.04 2.70 2.90 2.72 2.58 2.21 2.46 16 

27.8 24.0 18.0 7.9 13.2 19.6 21.7 24.0 V7. 
40.0 32.0 21.0 20.0 15.0 25.0 29.0 31.0 18 

| 17.0 10.0 10.0 —2.0 —1.0 12.0 14.0 13.0 19 
7EANRTE 71.9 Clots 71.4 72.8 72.8 71.3 71.4 20 

64.3 63.5 62.5 61.2 61.0 62.3 62.2 62.5 21 
127.8 135.5 133.0 143.0 143.2 130.0 125.3 128.2 22 
123.5 131.0 128.3 137.5 138.0 125.5 121.0 123.8 23 
114.0 117.0 122.0 126.5 125.0 108.5 115.0 118.5 24 
63.5 72.0 75.0 81.8 82.2 67.7 63.1 65.7 25 

50.8 58.3 56.5 66.3 67.5 54.9 51.2 52.5 26 
115.8 123.3 121.5 131.3 132.5 119.9 116.2 117.5 rae 
64.5 64.0 64.0 64.0 63.5 62.5 62.0 62.0 28 

362 394 458 550 483 392 322 332 29 

195 206 248 298 246 207 181 195 30 

98 109 114 137 156 117 106 110 31 


71.0 81.3 80.8 92.4 94.8 85.2 82.4 87.2 39 
52.7 61.0 60.5 70.3 72.2 63.5 61.1 64.8 | 40 
1.60 1.82 1.81 2.07 2.13 1.91 1.85 1.96 41 


74 700 76 300 101 000 108 500 101 700 89 100 82 900 92 100 42 
28 720 37 720 37 000 49 300 50 800 37 400 33 850 37 120 43 
22 980 30 570 29 610 39 920 41 700 30 320 27 480 29 680 44 
71 200 69 900 72 800 100 300 77 500 69 800 67 800 64 000 45 


38.5 49.5 36.6 45.4 49.9 42.0 48.0 43.0 46 
30.8 40.1 29.3 36.7 41.0 34.0 33.2 32.3 47 
80.0 81.0 80.0 81.0 82.0 81.0 81.0 80.0 48 
95.4 91.7 72.0 92.5 76.2 78.4 81.8 69.6 49 
0.107 0.093 0.093 0.141 0.128 0.104 0.093 0.105 50 
—0.013 —0.001 0.004 0.030 0.004 —0.009 0.003 0.006 51 
10.4 11.2 11.2 11.8 10.8 11.0 10.8 11.4 52 
1.05 1.31 1.34 1.55 1.28 1519 0.87 1.43 53 
24.5 23.0 20.0 ALY 16.5 18.0 18.5 18.5 54 
84.0 63.0 62.0 60.0 66.0 80.0 76.0 80.0 55 


Daily tests including Nos. 262 to 269—Sixth Installation, anthracite coal; only first-floor returns 


open. 


36 ILLINOIS ENGINEERING EXPERIMENT STATION 


TaBLE 3 (Continued) 
TypicaL Data AND RESULTS, RESEARCH RESIDENCE 


tiem Test Data and Results 

1 202 273 274 275 276 277 278 279 
2 2-6-28 2-7-28 2-8-28 2-9-28 2-10-28 2-13-2 2-14-28 2-15-28 
3 29.39 29.04 29.22 29.60 29.44 29.09 29.07 29.29 
4 SE-3 SW-3 Ww-3 NW-3 SW-3 E-2 Ww-6 NW-3 
5 Rain Rain Cloud Cloudy Clear Rain Cloudy Cloudy 
6 Bitum Bitum Bitum Bitum Bitum Bitum Bitum Bitum 
i 13 698 13 698 13 698 13 698 13 698 13 698 13 698 13 698 
8 53.96 53.96 53.96 53.96 53.96 53.96 53.96 53.96 
9 37.10 37.10 Bye ke) 37.10 37.10 37.10 37.10 37 10 
10 Pon! te’ (ents 7.18 Tikes 7.18 7.18 7.18 fabs) 
11 76 1.76 1.76 7s} 1.76 LUE 7 As) 1.76 1.76 
12 90 85 120 140 105 115 130 140 
13 14.0 9.0 14.0 8.0 10.0 8.0 8.0 12.0 
14 6.5 6.1 8.6 cha ie | Faw 8.3 9.3 10.1 
15 82.0 81.9 114.2 141.9 102.3 115.3 131.3 138 
16 ge Un ye 1.65 2.05 1.48 267 1.90 2.00 
17 42.2 45.8 35.0 32.8 38.5 43.0 37.3 32.0 
18 54.0 57.0 39.0 38.0 45.0 46.0 44.0 33.0 
19 33.0 37.0 30.0 30.0 33.0 38.0 32.0 28.0 
20 F2.5 72.2 70.0 ekes (4d w2.9 73.3 fs | 
21 66.0 67.2 64.3 64.7 66.3 68.0 67.7 65.0 
22 116.5 108.0 112.0 129.0 E2525 118.5 is VOY? 120.0 
23 112.5 104.5 108.3 124.5 121.5 114.5 113.8 116.0 
24 107.5 100.0 103.5 114.5 103.5 114.0 112.0 112.0 
25 50n0' 40.8 47.7 64.3 59.2 50.5 50.0 55.0 
26 39.5 ol. 37.2 51.3 46.7 34.5 38.3 43.0 
27 104.5 96.3 102.2 116.3 1A? 99.5 103.3 108.0 
28 65.0 66.0 64.0 65.0 65.0 66.0 66.0 65.0 
29 292 240 328 378 338 292 375 400 
30 167 143 190 184 166 180 230 222 
31 96 81 88 115 119 104 144 149 
32 1774 1431 WWos 2235 1877 1670 1614 1784 
33 0.0740 0.0730 0.0738 0.0748 0.0740 0.0730 0.0730 0.0739 
34 0.0678 0.0677 0.0677 0.0665 0.0662 0.0664 0.0667 0.0669 
35 0.0688 0.0689 0.0689 0.0681 0.0680 0.0681 0.0681 0.0683 
36 24 000 19 600 23 800 29 900 25 400 22 900 22 100 24 200 
37 26 200 21 100 25 900 33 600 28 400 25 200 24 200 26 700 
38 25 700 20 700 25 400 32 800 27 600 24 500 23 700 26 100 
39 66.4 54.2 65.8 82.6 70.2 63.3 61.1 67.0 
40 48.0 38.8 47.5 61.3 51.6 45.8 44.4 48.8 
41 1.49 1.22 1.48 1.86 1.58 1.42 1.37 1.50 
42 46 800 46 700 65 100 86 000 58 400 65 800 75 000 78 800 
43 21 500 14 000 20 100 34 500 26 680 20 250 19 400 23 500 
44 16 800 10 750 15 650 27 520 21 020 13 800 14 850 18 400 
45 43 800 38 900 49 500 54 000 48 400 41 800 55 100 54 800 
46 45.0 30.0 30.9 40.1 45.7 30.8 25.9 29.8 
47 35.9 23.0 24.0 32.0 36.0 21.0 19.8 23.4 
48 78.2 76.8 77.8 79.7 Visine) 68.3 KOS) 78.3 
49 93.5 83.3 76.0 62.8 82.8 83.7 (een | 69.6 
50 0.073 0.053 0.047 0.084 0.062 0.086 0.111 0.102 
51 |—0.007 —0.010 0.003 0.019 0.027 —0.002 0.034 0.052 
52 8.2 tan 8.5 9.0 7.8 Gry 7.2 7.8 
53 0.70 0.61 0.66 1.01 0.66 0.96 0.73 0.74 
54 25.0 28.5 26.5 28.5 28.5 31.0 29.5 27 26 
55 86.0 91.0 


Daily tests including Nos. 272 to 275—Sixth Installation, bituminous coal, first- and third-floor 


returns open; Nos, 276 to 279—all doors shut, only first-floor returns open. 


Be. 
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TABLE 3 (Concluded) 
TypicaL Data AND RESULTS, RESEARCH RESIDENCE 


Test Data and Results in 

280 281 282 1 
2-16-28 2-17-28 2-18-28 2 
29.24 29.12 29.50 3 
W-3 W-10 W-12 4 
P. Clear Snow Clear 5 
Bitum Bitum. Bitum 6 
13 698 13 698 13 698 7 
53.96 53.96 53.96 8 
37.10 37.10 37.10 9 
7.18 7.18 7.18 10 
1.76 1.76 1.76 11 
145 190 245 12 
20.0 15.0 15.0 13 
10.4 13.6 17.6 14 
134.8 188.5 247.6 15 
1.95 2.73 3.58 16 
32.3 26.0 16.0 17 
36.0 41.0 30.0 18 
30.0 12.0 12.0 19 
70.7 7L36 72.1 20 
63.7 64.0 62.5 21 
118.0 130.5 143.5 22 
114.0 126.0 138.5 23 
105.0 122.0 126.0 24 
54.3 66.5 81.0 25 
43.3 53.7 66.0 26 
108.3 118.7 131.0 27 
64.0 65.0 65.0 28 
364 436 516 29 
190 213 194 30 
123 140 171 31 
1800 2135 2435 32 
0.0739 0.0736 0.0747 33 
0.0670 0.0654 0.0647 34 
0.0683 0.0667 0.0664 35 
24 300 29 000 32 600 36 
26 800 32 600 37 700 37 
26 300 32 000 36 700 38 
67.2 80.2 90.2 39 
49.2 59.8 68.6 40 
a ea 1.80 2.02 41 
77 000 107 500 141 500 42 
23 450 34 100 47 400 43 
18 710 27 550 38 600 44 
53 800 73 700 92 200 45 
30.5 Slee 33.5 46 
24.3 25.6 27.3 47 
79.8 80.8 81.5 48 
69.9 68.6 65.2 49 
0.065 0.132 0.129 50 
0.026 0.018 0.005 51 
6.8 8.4 9.6 §2 
0.61 0.99 1.20 53 
27.0 27.5 24.5 Re 


Daily tests including Nos. 280 to 282—same as 276 to 279, but all returns open. 
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are given in Table 3. The tests selected for Table 3 are representa- 
tive of a variety. of weather conditions and testing purposes. Condi- 
tions peculiar to each group of daily tests are given in the footnotes 
on each page of Table 3. 

Since the discussion of individual daily tests would be of little sig- 
nificance in showing how the objects of the investigation have been 
accomplished, the tests are grouped and presented in the following 
twelve chapters, IV to XV, inclusive. The daily test numbers are 
also given under each chapter heading so that reference may be made 
to the individual daily tests in Table 3. 

Throughout this bulletin the quantities referred to as “capacity,” 
“furnace efficiency,” “equivalent register air temperature,” “combus- 
tion rate,” and “heating effect,” are based on the following formulas: 


Capacity, B.t.u. per hr. put into air— W X 0.24 x (T, — Ti) 
Combustion rate, lb. coal burned per sq. ft. grate per hr—= C/A 


Capacity x 100 
heat developed on grate per hr. a 


Furnace Efficiency, per cent = 


W X 0.24 x (T, — Ti) X 100 
CSCH. 


Equivalent register air temperature = (T, — 7; +65) =T, 


(Based on air temperature of 65 deg. F. at recirculating duct) 
Heating effect at register, B.t-u. per hr. = 


W X 0.24 x (T, — T;) 
in which 


W =weight of air flowing in system per hr., lb. 
0.24 = average specific heat of air. 
C = weight of coal completely burned per hr., lb., corrected 
for unburned fuel in ash. 
H =calorific value of coal, B.t.u. per lb. 
A =area of grate surface, sq. ft. 
T; = temperature of air at recirculating register, deg. F. 
T, = temperature of air at furnace bonnet, deg. F. 
T,, = temperature of air at warm-air register, deg. F. 


T., = equivalent register air temperature, based on 65 deg. F. 


at recirculating register. 


| 
} 
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IV. CorRELATION OF THE PERFORMANCE OF CAST-IRON 
CrrcuLtar Raprator FurNACE IN LABORATORY 
AND RESEARCH RESIDENCE 


(Researcu ResipeNce Speciau Tests 1-6, inc. aNpD Lasoratory TEsTs 74-76, INC.) 

9. Object of Study—lIt is the object of this study to show a com- 
parison of the performance of a furnace in the Laboratory testing 
plant and the same furnace in the Research Residence. Such a cor- 
relation of data was one of the principal objects in view in the building 
of the Research Residence. 


10. Description of Heating Plants—The heating plant in the Resi- 
dence is described briefly in Chapter II, and Fig. 6 shows an installa- 
tion in plan. The tests under discussion here were run on the First In- 
stallation with a single cold-air return. The Laboratory testing plant 
has been described in a previous bulletin,* and further description of 
it is not necessary. It is important to note that the two plants had 
nearly the same areas of leader pipes or basement heat pipes connect- 
ed, that the same type of cold-air duct and shoe was used in both, and 
that the same furnace was used in all the tests on which this chapter 
is based. The leader pipe areas and other dimensions are given in 
Table 4. 

The procedure in testing and in computing resultst was the same 
in both cases except in two respects, as follows: 

(a) Heat value of the fuel used in the Laboratory tests was 
12 790 B.t.u. per lb. and of the fuel used in the Research Resi- 
dence 11 852 B.t.u. per lb. The combustion rates obtained in the 
Residence were adjusted to the Laboratory fuel basis so that com- 
parison of results on an equivalent combustion rate basis was pos- 
sible. 

(b) The methods of determining the temperature of the air at 
the furnace bonnet were dissimilar. This temperature is a very 
important one, entering as it does into the determination of fur- 
nace capacity, and, until a direct method of measuring it has been 
found, an absolute comparison of the capacities of two plants 
will not be possible. In the Laboratory there was added to the 
measured boot temperature to obtain the bonnet temperature an 
amount determined by calculation using emissivity coefficients, 
pipe surface temperature, and weight of air flowing. In the Resi- 


*“Tnvestigation of Warm-air Furnaces and Heating Systems,’’ Univ. of Ill. Eng. Exp. 


Sta. Bul. 141. 5 ; ; 
tInvestigation of Warm-air Furnaces and Heating Systems,” Univ. of Ill. Eng. Exp. 


Sta. Bul. 120 and 141. 
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TaBLE 4 
DimensionaL Dats, LABORATORY AND RESEARCH RESIDENCE TESTING PLANTS 


Research 
Laboratory Residence 
Leader pinearea, 1st fOor, SG), 11s... 6 «eels eeleieroriereaieiedy-nelens 452.0 461.5 
Leader pipe area, 2nd floor, Sp te Gacpacode doDoCOOROo EC (aeEe 228.0 271.0 
Meaaer PIPE Area, SraeMOOL, Salli 4. peters cis iets alsieie sere cealerenels tele 128.0 100.0 
So tail Metrscacte resets okexapa ohstere Inv stereo rere uae: aie ieasteustsoartioreketece mietee 808.0 832.5 
Number of) pipesiysrate co ctesiors oorealcreie alt ete recon erat) stsrantronten arin} 10 11 
Coldjainductidiameter, Ins oe crete chase turoslere sete er etorere chee aiconsate 32 33 
Coldiairiducteares asGwitiaaamcvae cesta once omlelsiitterstcteiaxetomtaene SO 854 
Height to listsfloone pent teeter nearer Le 8 ft. 7 in. 8 ft. 11 in. 
center line of registers above 42nd floor................-- 17 ft. 5 in 18 ft. 9 in 
basement floor SrabHOors ee iuet onerous eels 26 ft. 3 in. 28 ft. 8 in. 


dence there was added to the measured boot temperature an aver- 
age temperature loss determined by thermocouples placed in arti- 
ficially ventilated shields in the pipes at the bonnet collars (see last 
paragraph of Section 7). 


11. Correlation as Shown by Performance Curves.—The compari- 
son of the performance of the two plants is shown graphically in 
Figs. 7, 8, and 9. The dotted line representing the Research Resi- 
dence tests indicates clearly that the plant in the Residence operated 
at lower capacity, efficiency, and register air temperature than did 
the Laboratory plant. From Fig. 7, for example, at a 6-lb. com- 
bustion rate the capacity is shown to be reduced from 122 500 to 
102 500 B.t.u. per hour, or 20 per cent. Simultaneously, the efficiency 
is shown to be reduced from 57 to approximately 47 per cent, and 
the register air temperature from 160 to 154 deg. F. 

Figure 9 shows conclusively that less heat was given up to the 
recirculating air in the Residence than in the Laboratory plant. The 
temperature of the flue gases leaving the furnace in the former plant 
was also found to have been 85 deg. F., or approximately 15 per cent 
higher than in the latter, at a 6-lb. combustion rate. 

A study of Figs. 7 and 8 will show that the deficiency of the plant 
in the Research Residence resulted in (a) a reduction in temperature 
of the air emerging from the registers, and (b) a reduction in the 
quantity of air flowing. The combined effect amounted to a 20 per 
cent reduction in capacity. 

The reduction in temperature, Fig. 7, amounted to approximately 
6 deg. F. at the register, at a combustion rate of 6 pounds. The re- 
duction in temperature may be accounted for by the greater length 
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of leader pipe and stacks, and greater resistance in the boots in the 
Research Residence. 

The fact that the quantity of air was lower in the Residence than 
in the Laboratory may be shown by analysis of Fig. 8. Since the 
factors which go to make up capacity are weight of air, temperature 
difference between return grille and bonnet, and a constant 0.24, or 
the specific heat of air, it is evident (see Section 8) that for any 
given register air temperature the capacity is directly proportional to 
the air weight. When plotted as in Fig. 8 the capacities are a meas- 
ure of the relative air weights flowing. On this basis Fig. 8 shows 
that the weight of air was reduced about 8 per cent in the Research 
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Residence. This reduction in air weight may be charged to three 
sources of friction: 
(a) longer pipes and stacks, 
(b) more complicated boots, and 
(c) resistance to flow in the house, external to the heating 
system. 


12. Correlation as Shown by Heating Value of a Square Inch of 
Leader Pipe Area.—tIn the computation of the heating value of a 
square inch of leader pipe area in the Residence, the sensible heat of 
the air at the warm-air registers above that of the return grille tem- 
perature was used. The procedure in the Laboratory tests was dif- 
ferent in that the sensible heat above 70 deg. F. was used.* In order 
to make the comparison valid the Laboratory values were adjusted 
to the same conditions as the Residence values and the results are 
shown in Fig. 10. 

The curves for the second- and third-story pipes are in good agree- 
ment for both plants as regards slope and curvature, but the values 
for the Residence are appreciably lower than for the Laboratory. 
In the case of the first-story pipes the curves are very different. The 


*“Investigation of Warm-air Furnaces and Heating Systems,’’ Univ. of Ill. . Bxpi 
Sta. Bul. 141, Fig. 71, p. 121 a ey i oe 
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greater range of the tests in the Residence establishes the direction of 
the Residence curve more completely than the direction of the Labora- 
tory curve. No data were available for the latter below 130 deg. F. 

In Fig. 11 the data for the Research Residence are plotted and 
the relations between register air temperature and the heat delivering 
capacity of one square inch of first-, second-, and third-story pipe 
are shown as very definite curves terminating at 65 deg. F., at which 
temperature the heat available in the air discharged from the registers 
would become of zero magnitude. In the curves of Fig. 11 the points 
above 140 deg. F. register air temperature were determined from 
special performance tests of the furnace and the seven points below 
140 deg. F. from daily tests made during normal temperature regula- 
tion conditions in the Residence. 

Referring again to Fig. 11 and the light lines connecting correspond- 
ing points on the first-, second-, and third-story curves marked “lines 
of equal combustion rate,” it is evident that at any given rate of 
combustion in the furnace the air will be delivered at the three floor 
levels at three different temperatures. It appears, therefore, that a 
system may not be designed to operate at the same temperature at 
all three floors. Thus, if 175 deg. F. is taken as the temperature for 
the first-floor registers, the second- and third-floor register air tem- 
peratures will (in the Residence system) be 160 deg. F. and 157 
deg. F. respectively. Uniform register air temperature conditions 
would require perfect insulation of the stacks and the same tempera- 
ture at all bonnet collars. 


V. GENERAL PERFORMANCE OF Hratina System IN RESIDENCE 


(Datty Tests 1-289 rnc.) 


13. Object of Study—This chapter presents a general summary 
of the characteristics of performance of the Residence and the heat- 
ing system within the Residence for a variety of weather condi- 
tions, under controlled conditions of operation. The large amount of 
data obtained in all kinds of weather and at much lower rates of 
combustion than were feasible in the Laboratory tests* make possible 
a complete analysis of many phases of performance. Many special 
phases of the test data are presented in succeeding chapters of this 
bulletin. 


Pag . . * * ” Toa 
ee pent oo of Warm-air Furnaces and Heating Systems,” Univ. of Ill. Eng. Exp. 
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Fig. 12. Cotp-air CONNECTION FOR SECOND INSTALLATION 


14. Description of Heating Installations—Tor a description of the 
Research Residence reference should be made to Chapter II; and for 
details of the several different heating systems tested reference should 
be made to Chapter VI. The data in this chapter were obtained prin- 
cipally with the First and Second Installations, which differed only in 
that the cold-air shoe of the latter was of an improved streamline 
design, Fig. 12. 

The heating plant consisted of a 27-in. firepot, 23-in. grate, cast- 
iron furnace of the top circular-radiator type, with warm-air piping 
arrangement as shown in Fig. 6 and scheduled in Table 1. The leader 
pipes were not covered with asbestos paper, and it should be noted 
that these pipes were all given the slope of the longest pipe which 
was 1 in. per ft. The warm-air boot combinations were not of the 
most efficient type available, but consisted of an elbow, a 45-deg. 
boot extension, and a 45-deg. angle. These fittings were used to pass 
over the basement beam and into the partitions above. 

All registers were of the wall or baseboard type. No floor registers 
were used. The cold air was returned, in the First and Second Instal- 
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lations, through a 36-in. by 36-in. square wood grille and 33-in. round 
duct, from a position in the hall near the main entrance to the Resi- 
dence. The free area of the grille was 800 sq. in. and the duct area 854 
sq. in. 

The smokepipe was of galvanized iron, 10 in. in diameter, and 
approximately 10 ft. in length with two 45-deg. elbows. The chimney 
was 35 ft. high and was constructed of 8-in. brick walls enclosing a 
12-in. by 12-in. fireclay flue lining. This chimney was an inside 
chimney, and the heat given up from its walls was therefore useful 
in warming the house. A cross damper three feet from the furnace 
was used, and the check-draft was sealed shut. 

Control was obtained by means of the draft door only, which 
was opened and closed through the action of a thermostat and motor, 
as described in Chapter XII. The cross damper was set in a fixed 
position. 


15. Results and Conclusions—tThe results of the daily tests are 
summarized in Table 3. About one-fourth of the total number of 
tests run are listed in this table. Conclusions are drawn in the fol- 
lowing sections of this chapter as each topic is discussed and supple- 


mentary tabular or graphic results are presented. 


16. Register Air Temperatures and Combustion Rates.—In Fig. 13 
the register air temperatures and combustion rates are shown for the 
range of outdoor temperatures encountered. The horizontal scale 
shows the difference between indoor and outdoor temperatures, thus 
eliminating the effects of slight variations above and below 70 deg. 
F. in the indoor temperatures. At a difference of 70 deg. F., cor- 
responding to zero weather, the average register air temperature re- 
quired was 135 deg. F. For average weather, 35 deg. F., the register 
air temperature required was 108 deg. F., and in mild weather the 
average register air temperature was as low as 95 deg. F. The highest 
temperature observed at any register was 172 deg. F. for the east bed- 
room. The average at this register in zero weather was 160 deg. F. 
The lowest temperature in zero weather was 120 deg. F. at the bath- 
room register. 

These moderate register air temperatures even in zero weather 
resulted from the fact that in an actual house, such as the Research 
Residence, a very considerable portion of the so-called waste or 
“vagrant” heat from the furnace casing, the leaders, stacks, as well as 
from the smokepipe and chimney was available in, and distributed 
fairly uniformly throughout, the house. As a result it was not neces- 
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sary to carry as high an air temperature at the registers as would have 
been necessary if none of this vagrant heat was available. The con- 
trolling thermostat in the dining room, therefore, operated to maintain 
a much lower air temperature at the registers than 175 deg. F., for 
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which the plant was designed. It should be apparent that this vagrant 
heat is more or less uncontrollable, and is not uniformly distributed 
to all parts of the house so that a remote room may be somewhat 
underheated while the rest of the house is at normal temperature. 
Such was the case in the second story northwest bedroom until the 
attic floor above this room was insulated. 

The magnitude of this vagrant heat loss between fariaee and 
registers as well as from furnace casing is indicated in Section 20. 
For an indication of the magnitude of the heat available within the 
Residence from the smokepipe and chimney see the flue gas tempera- 
ture curves of Fig. 15 and the total heat loss curves of Fig. 16. In 
the former figure, the flue gas temperature drop in zero weather is 
(570 — 190) = 380 deg. for hard coal, and in the latter figure, the 
difference in the total heat loss at the furnace and the top of chimney 
is (20.5 — 7.5) = 13.0 per cent of the heat in fuel. 

The combustion rates depended on the quality of the coal and 
the area of the grate. For zero weather the combustion rate for 
anthracite coal was 3.5 lb., in average weather 1.6 lb., and in mild 
weather 1.0 lb. per sq. ft. grate per hr. For low grade soft coal the 
combustion rates were much higher, extrapolation of the curve in Fig. 
13 indicating a combustion rate of over 5 lb. per sq. ft. grate per hr. 
in zero weather. 


17. Furnace Performance with Hard and Soft Coal—tThe perform- 
ance of the Second Installation with anthracite coal, low-tempera- 
ture and by-product coke, and bituminous coal is shown graphically 
in Fig. 14. Chemical analyses of the fuels are given in Table 3, Daily 
Tests 95-111, 112-120, and 121-137 respectively. 

With anthracite coal, the maximum efficiency of the furnace proper 
was 08.5 per cent, and the corresponding combustion rate was approxi- 
mately 2.5 lb. coal burned per sq. ft. grate per hr. With soft coal, 
the maximum efficiency was only 41 per cent and occurred at a com- 
bustion rate of over 4 lb. 

If combustion rate values for zero weather are selected from Fig. 
13, the corresponding efficiencies at these combustion rates obtained 
from the performance curves, Fig. 14, will be found to have been 
56.0 per cent and 40 per cent respectively for hard and soft coal. 
It may also be observed that maximum efficiency was obtained from 
the heater with hard coal in average weather, whereas with soft coal 
the efticiency was greatest in cold weather. 

In Chapter IV a correlation between Laboratory and Research 
Residence tests was shown. The curves in Fig. 14 are for the same 
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furnace, but were obtained by controlling house temperature rather 
than combustion rate. As a result, the performance curves of Fig. 
14 are not continuous with those of Fig. 7 for the Residence. 


18. Flue-gas Losses—The great difference in the maximum effi- 
ciency with hard and with soft coal shown in Fig. 14, 58.5 per cent 
and 41 per cent, respectively, deserves consideration. Figure 13 shows 
that there was no appreciable difference in the register air temperature 
required with the two fuels, and the remaining source of difference 
was in the flue-gas losses. Figures 15 and 16 show the comparison of 
flue-gas temperatures and heat losses for the two fuels. For each 
kind of fuel four curves are shown representing the temperature of 
the flue gases at four points in their passage through smokepipe and 
chimney. The curves show that at a given combustion rate the flue- 
gas temperatures were almost the same for the two fuels. Thus at 
a combustion rate of 3.0 lb. the curves show the following tempera- 


tures: 
Hard Coal Soft Coal 
Temperature: at, furnace, deg ecm: sole ciecisereeiisers 520 510 


Temperature at top of chimney, deg. F............. 175 170 

Temperature at top of chimney actually measured in chimney at roof line. 

It should be noted that at the same combustion rate with hard 
and soft coal, the CO, percentage is also the same in both cases; 
hence the sensible heat loss must be the same in both cases. The 
difference in efficiency, therefore, must be due entirely to the excess 
of water vapor and combustible in the flue gas when operating with 
soft coal. 

However, it has already been shown that a much higher com- 
bustion rate is necessary with soft coal, and a comparison of flue- 
gas temperatures should be made for identical weather conditions 
rather than for a common combustion rate. Arrows in Fig. 16 indi- 
cate the combustion rates necessary to maintain a temperature of 70 
deg. F. in the house for zero weather, and the corresponding flue-gas 
temperatures were as follows: 


Weather, zero deg. F. Hard Coal Soft Coal Diff. 
Temperature at furnace, deg. F............ 570 760 190 
Temperature at top of chimney, deg. F..... 190 250 60 


Temperature at top of chimney actually measured in chimney at roof line. 


Thus it is evident that in the burning of soft coal the sensible 
heat of the flue and chimney gases is much higher than with hard 
coal for a given indoor-outdoor temperature difference because the ad- 
ditional loss resulting from excess water vapor and combustible in the 
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flue gas makes necessary the use of higher combustion rates with 
soft coal. 

The necessity for higher combustion rates with soft coal resulting 
in excessive flue-gas temperature losses is attributable to certain 
chemical losses. Snap samples taken before and after firing showed 
the presence of an average of 2 per cent of free hydrogen and 1 
per cent of carbon monoxide in the gases leaving the furnace. This 
free hydrogen has a heat value of 62 000 B.t.u. per lb., hence its 
presence in relatively small quantities may be responsible for large 
losses of heat. In the operation of the Residence this loss amounted 
on an average to 1100 B.t.u. per lb. of soft coal burned. The loss 
due to partially burned carbon in the form of carbon monoxide was 
not as great as the hydrogen loss but amounted to approximately 500 
B.t.u. per lb. of coal burned. 

Other sources of loss include the losses due to the formation of 
water vapor from the hydrogen and moisture in the coal, and the 
subsequent loss of the heat of this superheated water vapor which 1s 
carried out through the smokepipe and chimney. Still another small 
source of loss is that caused by the discharge of solid carbon particles 
in the form of soot in the flue gases. 

The combined effect of sensible heat and chemical losses in the flue 
gases for both fuels is shown in Fig. 16. The curves show that with 
soft coal in zero weather there was a flue loss at the furnace of 39 
per cent of the heat of the fuel. About 26 per cent was finally lost 
from the top of the chimney. With hard coal the flue-gas losses in 
zero weather at the furnace represented only 21 per cent of the heat 
of the fuel and only 8 per cent was finally lost from the top of the 
chimney. 


19. Overall Efficiency of Residence and Heating System.—The loss 
of heat from the top of the chimney, when an inside chimney is 
used, is the only ultimate loss of heat from the house. By subtract- 
ing from 100 the percentage losses at the top of the chimney, as 
shown by Fig. 16, the overall efficiency of the house and heating in- 
stallation may be determined. This has been done, and the effi- 
clency curves are shown in Fig. 17. When hard coal was fired, the 
overall efficiency ranged from 92 to 97 per cent, averaging 95 per 
cent for average weather. With soft coal, the overall efficiency aver- 
aged 75 per cent. 

These overall efficiencies have also been determined by another 
method, consisting of an accurate calculation of the heat loss of the 
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building and a comparison of this loss with the heat generated on the 
grate. A few points based on this method of estimating overall house 
efficiencies are shown plotted in Fig. 17 for hard-coal and soft-coal 
operation. Each point represents the average of several daily tests 
with each fuel; and the agreement between the points and the curves 
indicates that the curves are a fair approximation of the overall 
thermal efficiency of the house. 

Close agreement between the curves and the overall house efficiency 
for any one daily test cannot be expected, since it is quite impossible 
to make a correct estimate of the exact heating load on any given day, 
and occasionally an efficiency of over 100 per cent resulted, as shown 
under this item in Table 3. Averages for several days, based on esti- 
mated daily heat losses for similar days, are much more reliable 
values, and were, therefore, used in Fig. 17. Figure 17 serves to em- 
phasize the thermal wastefulness of burning soft coal as compared 


with hard coal. 


20. Heat Loss between Furnace and Registers.—Of the heat carried 
in the air leaving the furnace, a portion was lost by radiation and 
convection from the leaders and stacks. In Fig. 18 the upper curve 
shows the graphical relation between the heat available at the bonnet 
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and the heat available at the registers. Points representing both 
soft and hard coal lie along a definite straight line. From this line, 
for the second installation, it may be seen that exactly three-fourths 
of the heat available at the bonnet was delivered at the registers. 
This loss of 25 per cent between furnace and registers has the 
effect of reducing the efficiency of the system as a whole, as shown 
in the lower curves of Fig. 18. Here the efficiencies as of the bonnet 
and as of the registers, for both hard and soft coal, are shown. With 
hard coal, it is indicated that whereas 59 per cent of the heat of the 
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TABLE 5 
PERCENTAGE OF HEAT DistRIBUTION THROUGH RESIDENCE 


Fuel Used pod a 
Overall house efficiency, per cent of heat of fuel.............. 94 75 
Maximum efficiency at registers, per cent of heat of fuel....... 44 31 


Difference, or per cent of heat of fuel distributed through Resi- 
Gencoibysindirest pachs:n).\ kaus ooo ace cen en 50 44 


fuel was available at the bonnet only 44 per cent finally was delivered 
at the registers. For soft coal, the corresponding values were 41 
per cent available at the bonnet and 31 per cent delivered at the 
registers. 

Bearing in mind that the Residence was heated to 70 deg. F. 
with high overall house efficiencies but with low register air tempera- 
tures and register efficiencies, it is evident that a large percentage of 
the heat found its way into the rooms of the house by indirect paths 
such as through the floors and walls and from the chimney surfaces. 
An estimate of this indirect heat is shown in Table 5. With either hard 
or soft coal, the indirect heat exceeded in amount the heat delivered 
at the registers. 

In this connection the temperatures of the surface of the furnace 
casing may be of interest. Observations made at three different 
times when the outdoor temperature was at zero showed an average 
casing temperature of 110 deg. F. Temperatures were taken at ten 
widely separated points on the casing surface and the hottest point 
was found to be 137 deg. F. Similarly, temperatures taken on the 
surface of the furnace bonnet showed a maximum of 182 deg. F. and 
an average of 169 deg. F. At no time was the casing hot enough to 
cause peeling of any of the galvanized surface. 


21. Velocity and Volume of Air Flow.—The system tested was the 
Second Installation designed for complete recirculation, and the 
velocities and volumes of air flowing through the return duct are 
shown in Fig. 19. The volume of air flowing in the return duct was 
47 500 cu. ft. per hr. in coldest weather, and 28 000 cu. ft. per hr. in 
mild weather. On the assumption that only the air in the open heated 
spaces of the house, 16 120 cu. ft. (about 45 per cent of the cubage 
of the house), would be circulated, the equivalent recirculations were, 
as shown in Fig. 19, approximately 2.9 in coldest weather and 1.8 
in mild weather. Actually, each particle of air was not passed through 


56 ILLINOIS ENGINEERING EXPERIMENT STATION 


te UE oh 
‘ S N 120 =: 
NINA pa 
NN 
ON 1: 80 
S . Z kerurry) Dtler 
8 x 8 eG Yeloc/ty, 
Ss 
H 20 
< LUV QVE/77° 
~ \ 25+-——_ 6 CUO 077 
N8 20 
8 N LS eh BLO Cth PST le 
& Ss LE FEC CUIATIVOL?. 
LO 
S$ 202900 
\ x Volume Of Al? : < 
S ‘ aN  TAraugh KCVTH? Dticr oe 
NS (20000 aa l Wee 
YS \ par i 
Se eed eae ee 
% SS NN es aa 
8 8 § 30000 
SSS 2S 
S88 
R ZO00O ae 


7) 0 20 30 40 50 60 70 
7000 — OMWAO0l- (EIMOEV ATE ~LIPVEL BLICE W? BCG, 


Fic. 19. Verociry, VotuMn, AND AiR RECIRCULATION, 
SEconD INSTALLATION 


the furnace 2.9 times per hr., since a certain replacement due to leak- 
age at windows and doors was constantly in progress. Hence, the 
term equivalent recirculations has been employed. With the later in- 
stallations the number of recirculations was progessively reduced. 

Through the return duct the velocity of flow ranged from 80 ft. per 
min. in mild weather to 130 ft. per min. in coldest weather. In the 
leaders on the hot side of the system the mean velocity of flow was 
greater than in the return duct, by reason of the expansion of the air 
in its passage through the heater, and the slightly lesser pipe area on 
the hot side. The increase in air volume and velocity is inversely 
proportional to the densities of the cold and the heated air (0.075 and 
0.065 lb. per cu. ft., respectively, in coldest weather) and amounted 
to 16 per cent. 

At the registers, however, the mean velocities were greatly reduced 
by the large area of the registers. In cold weather the velocity based 
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on the nominal area of the registers was 112 ft. per min., the highest 
register velocity was 184 ft. per min., and the lowest at any register 
65 ft. per min. No effort was made to equalize velocities by means 
of valves or dampers. The velocity of flow in the upstairs pipes would 
be greater by virtue of greater motive heads, and wide variations in 
velocity would be expected. This condition should receive careful con- 
sideration in determining the relative sizes of pipes to the different 
floors and is discussed in Chapter IV. 


VI. ComparIsON oF Srx Coup-Arir RECIRCULATING SYSTEMS 


(Dairy Tests, 1-72, 73-149, 150-199, 200-239, 240-254, 255-289 Nc.) 

22. Object of Study.—One of the most important objects for study, 
for which the Research Residence was particularly adapted, was the 
comparison of different systems of cold-air returns. Little freedom 
is given the practical designer in the planning of the warm-air part 
of the system, but in the arrangement of cold-air return ducts greater 
latitude is possible. 


23. Description of Installations—The work done has been con- 
fined to complete recirculation systems, with no outdoor air admitted 
except by infiltration. Six systems have been tested with the same 
system of warm-air pipes, stacks, and registers, and the same furnace. 
The arrangement of warm-air pipes for one of the systems is shown in 
Fig. 6. The diagrams of Fig. 20 show the six variations in the cold- 
air returns, and for convenience each is identified by number in the 
order tested. Table 2 shows the dimensions and areas of the cold- 
air returns for all six systems. In all cases, the gross area of the 
the main duct, or ducts, was maintained at 854 sq. in. 

The method of testing has been discussed in Chapter II, and ail 
the tests included in these comparisons were on anthracite coal with the 
Residence under continuous automatic temperature control, maintain- 
ing practically 70 deg. F. in all rooms 24 hours per day. 

Such additional description as may be necessary will be given in 
the discussion of the results. 


24. Results and Conclusions—First and Second Installations.—The 
results obtained are of two general kinds, namely: 
(a) Effects within the room as manifested by air temperatures © 
and air currents. 
(b) Effects within the heating system proper as manifested 
by air flow and temperature, and fuel consumption. 
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Fia. 21. Curves or Fioor, BreatHING LEVEL, AND ‘CEILING TEMPERATURES 
ror Livina Room, Seconp INSTALLATION 


The First and Second Installations were indentical except that 
the boot and shoe in the latter were of streamlined construction, shown 
in Fig. 12, along more practical lines than the fittings used in the First 
Installation. The First Installation was a duplicate of the return 
system of the Main Testing Plant in the Laboratory, and was used 
for correlation purposes as described in Chapter IV. 

Heating conditions within the rooms were not different for the 
two systems. Table 6 gives the temperatures taken in each of the 
rooms for a period of ten days during which the outdoor tempera- 
ture averaged 29 deg. F. Temperatures in the individual rooms varied 
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TABLE 7 


TEMPERATURE INCREASE PER Foot or ELEVATION 
70 deg. F. at breathing level indoors 


Deg. F. Increase per ft. of Elevation 


Outdoor Temperature 
deg. F. 
1st floor 2nd floor 3rd floor 

LURE Asien rao crete 1.70 1.65 1.45 
Mee cites Oe 1.44 1.42 1.25 
Ves detente ante 1.18 1.22 1.04 
SOs ects oe Serer 0.94 0.99 0.86 
AO tae cichensiee oxclete 0.72 0.82 0.67 
DO eatcysiertiscio eters ts 0.49 0.62 0.50 
GO samy roth Pecsieretorne 0.32 0.50 0.35 


only 3.6 deg. F. above and 2.7 deg. F. below the average for all rooms, 
indicating a good distribution of the heated air among the rooms. 

Table 6 also shows the temperatures at three levels, floor, breath- 
ing level, and ceiling, in each room. These temperatures are of sig- 
nificance inasmuch as that system which gives the highest floor tem- 
perature and the lowest ceiling temperature is the superior system. 
Figure 21 shows the temperatures at the three levels in the living 
room for all weather conditions for the Second Installation, and shows 
that in coldest weather the floor temperature was over 10 deg. F. lower 
than that at the breathing level. The curves show definitely that in 
the Research Residence for a constant breathing line temperature the 
floor and ceiling temperatures are functions of the outdoor tempera- 
ture. 

Similar curves plotted for all rooms in the house show that the 
variations in temperature are also dependent on room height as well 
as on outdoor temperature. Table 7 shows the variations in tempera- 
ture per foot of elevation for the three different story heights in the 
Residence. 

By the use of the values in this table it would be a simple matter 
to estimate the ceiling temperature for a given room and thus to cal- 
culate more accurately the loss of heat through the ceiling and roof. 

Comparison of the conditions within the heating system proper 
are shown in Fig. 22, in which furnace capacity is plotted against 
register air temperature. The curves show that the Second Installa- 
tion was an improvement over the First in that the heating capacity 
at the bonnet was greater for a given register delivery tempera- 
ture. Since there was no other physical difference in the two installa- 
tions the increased capacity can be attributed to the streamline design 
of the boot and shoe of the Second Installation. 
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Fic. 22. Errecr or IMprovep Coup-arr RETURN CONSTRUCTION 
ON FurNAcE Capacity 


25. Third Installation—In the Third Installation* the cold-air 
return system was divided into three ducts totalling 854 sq. in., as 
shown in Fig. 6 and Table 2. The object was to return the air from 
living room, dining room, and hall but to keep the ducts as short and 
direct as possible. Streamline fittings were used at the tops and 
bottoms of the three ducts. 

Temperature studies in the rooms, Tables 8 and 9, show that the 
divided system of returns produced a more nearly uniform tempera- 
ture in the various rooms, and increased the floor temperatures, par- 


*This Installation was the subject of the special study reported in Univ. of Ill. Eng. 
Exp. Sta. Cir. 15. 
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TABLE 10 
FLoor TEMPERATURES, Dec. F., First-story Rooms 


Livi Dini 
Installation Pore Roch Kitchen Hall Average 

and single duct. cache es cs 64.7 64.1 63.8 

3rd, three short ducts........ 65.5 65.0 64.4 68.7 65.4 

4th, 2 long and 1 short....... 67.0 66.8 64.6 67.7 66.5 


Note: outdoor temperature 29 deg. F. 


ticularly in the case of the first-story rooms. The Third Installation 
improved conditions over the Second Installation by decreasing the 
temperature in the hall and increasing the temperatures in all other 
rooms. 

To facilitate the comparison of the all-important floor tempera- 
tures in the principal living portion of the house, the first-story rooms, 
Table 10 has been prepared. 

Although temperature conditions in the rooms were improved by 
the Third Installation, the added resistance of the ducts and fittings 
brought about a reduction in air flow with consequent reduction in 
furnace efficiency. In both cases the total duct area was maintained 
854 sq. in. but in changing from the single to the divided duct system 
the periphery of the ducts was increased from 104 to 180 in., and the 
rubbing surface was greatly increased. The effect is shown in Figs. 
23 and 24. Figure 23 shows that for a given register air temperature 
the capacity of the Third Installation was lower than that of the 
Second. Likewise Fig. 24 shows that for a given fuel consumption the 
furnace capacity and corresponding efficiency were lower for the Third 
than for the Second Installation. No doubt larger ducts could be used 
to advantage in reducing the frictional resistance in multiple return 
installations. 


26. Fourth Installation—The Fourth Installation consisted of the 
same main return ducts, but with extensions in the living room and 
dining room to grille positions in the floor near the outer walls beneath 
windows. (Fig. 20). The extensions were of galvanized-iron con- 
struction with a slope of one-half inch per foot, and of the dimen- 
sions shown in Table 2. Streamline types of fittings were used in all 
three ducts, so that the Fourth Installation compared favorably with 
the Third in details of design. 

A comparison of temperature effects within the rooms is shown 
in Tables 8, 9, and 10 and in Fig. 25 for the Third and Fourth Instal- 
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lations. Table 8 shows that the Fourth Installation was an improve- 
ment over the Third in that temperatures at the floor were slightly 
higher. 

That these improved conditions also existed over a wide range of 
outdoor temperatures may be seen from Fig. 25, in which floor and 
ceiling temperatures for the short duct- (Third Installation) and the 
long duct (Fourth Installation) systems are plotted. The curves show 
increased floor and reduced ceiling temperatures in favor of the long 
duct, or outer grille system. 

A study of the curves of Fig. 25 suggests an interesting phase of 
house temperature regulation. In these curves it is shown that if 
the temperature at the breathing level is fixed at 70 deg. F. the result 
will be temperatures of only 60 or 61 deg. F. at the floor in cold 
weather. This shows the desirability for increasing the breathing 
level temperature above 70 deg. F. in order to maintain a comfortable 
average body height temperature. In mild weather with the average 
body height temperature at 68 deg. F. a comfortable condition exists. 
In Fig. 26 it has been assumed that this average of 68 deg. F. 
would be desirable for all weather conditions, and using the ceiling- 
breathing-level and breathing-level-floor differences from Fig. 25 a 
new set of curves has been plotted, showing that in coldest weather 
the breathing level and ceiling temperatures must be increased to 73 
and 78 deg. F., respectively, for comfort. Such a condition would in- 
dicate that heat loss calculations should be based on an indoor tem- 
perature somewhat higher than 70 deg. F., probably 72 or 72 deg. F., 
and suggests the wisdom of placing the wall thermostat at a position 
near the floor rather than 5 feet above the floor, as is common prac- 
tice. 

With the long ducts which distinguish the Fourth from the Third 
Installation a considerably greater resistance to air flow existed, de- 
spite the use of nearly streamlined fittings and sloping ducts. The 
effects of this increased resistance to air flow were reflected in reduced 
capacity and efficiency for the Fourth Installation, as may be seen 
in Figs. 23 and 24. 

The relation between the cross-sectional areas and the air-flow 
capacities of the cold-air return ducts is shown in Table 11 in which 
the areas and the air-flow capacities of the ducts of the Third and 
Fourth Installations are compared. The individual areas of the three 
round ducts are shown as well as the percentages of the total duct 
area. The percentages of the total air flow handled by each duct are 
shown also for the short-duct and the long-duct installations. 


“re 
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TABLE 11 
PERCENTAGE DIsTRIBUTION or AIR VOLUME BETWEEN CoLp-AIR RETURNS 


Percentage of Total 


Area Air Flow 
Differ- 
Duet Room Short Long ence 
8q. in. per cent ee pce 
Installation | Installation 
Pouth.... 65. Wale aecocters 314 36.8 33.9 38.0 1 
all Fi J - 4 plus 4.1 
BVESt Acs. 3.05 DATS, soooue 314 36.8 38.0 36.9 minus 1.1 
BASt. ws. 85s Daivinger ce. ce 226 26.4 28.1 25.1 minus 3.0 
4 BOS ES ee cere 854 100 100 100 


Note: Short duct from hall same in both cases, long ducts from living and dining rooms only. 


The table shows that in both of these installations the ducts 
handled a volume of air nearly proportional to their areas. 

When two of the ducts were extended (changing the Third to the 
Fourth Installation) the resistance to flow in these two long ducts 
was increased somewhat so that the two ducts ceased to carry the 
same volume of air as before, and the one short duct handled rela- 
tively more air in the Fourth than in the Third Installation. 

The percentage differences shown in the last column of Table 11 
give the amounts by which the relative values of the individual ducts 
were altered by the change from the Third to the Fourth Installation. 
The absolute air capacity value of the hall duct was also greater in 
the Fourth Installation than in the Third Installation, although there 
was a reduction in the total quantity of air flowing, as was shown 
by the capacity reduction in Fig. 23. 


27. Fifth Installation—The Fifth Installation was identical with 
the Fourth except that the branch ducts were raised to a horizontal 
position, and all streamline or transition fittings were replaced by 
abrupt connections. 

Since the relation between outdoor temperatures and room tem- 
peratures was the same for the Fifth Installation as represented by 
the curves for the Fourth Installation, Fig. 25, it may be concluded 
that the two systems were equal in the temperature effects produced 
in the rooms. 

Marked reduction in capacity and efficiency were found, and the 
results are presented in Figs. 23 and 24. If this reduction in capacity 
resulted from a restricted air flow, heating of the residence could only 
have been accomplished by delivering air at the registers at higher 
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Fia. 27. Recister Air TEMPERATURES OBTAINED WITH FourTH 
AND FirrH INSTALLATIONS 


temperatures in the Fifth Installation for the restricted condition. 
Such higher temperatures were actually required as shown in Fig. 27, 
in which the register air temperatures required for various indoor- 
outdoor temperatures are plotted. 

So marked was the reduction in air flow when the Fifth Installa- 
tion was put into operation that anemometer readings at the register 
faces in the first-story registers were negligible in mild weather. A 
special study of this velocity reduction was made and the results 
are shown in the polar diagram of Fig. 28. The radial lines repre- 
sent leader pipe positions around the furnace, and the circles repre- 
sent air velocities at the register faces. The diagram shows that with 
outdoor temperatures at 28 deg. F. register velocities at all first-story 
registers were reduced when the Fifth Installation was in operation, 
although velocities at upstairs registers were apparently increased. The 
stack height combined with the greater temperature which existed with 
the Fifth Installation apparently accounted for the increase in velocity 
at the upstairs registers. 

A different presentation of the data on register velocities has been 
made in Fig. 29, velocities for upstairs and downstairs being plotted 
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Fic. 28. Errect or Return Duct Resistance on Mean Ar VeE.ocity 
AT WarM-alrR REGISTER 


against indoor-outdoor temperature differences. The curves show a 
reduction in velocity of 40 per cent for the first-story registers for the 
_ Fifth as compared with the Fourth Installation. 

The low efficiency of the Fifth Installation (Fig. 24) together with 
the failure of the first-story pipes to function properly mark the in- 
stallation as being quite unsatisfactory and of bad design. 


28. Sixth Installation—The Sixth Installation was unlike the 
other installations except that its many branch ducts, Fig. 20, were 
brought together into three main ducts which were practically the 
same as in the Third and Fourth Installations. Transition fittings 
and sloping ducts were used when possible, but structural conditions 
limited this practice. The system was tested with 21 grilles from 
all rooms in the residence in operation, and again with only the nine 
first-floor grilles open. Tests were also made with all doors in the 


residence closed. 


72 ILLINOIS ENGINEERING EXPERIMENT STATION 


a 
e 


ct 


QDI VCP A" KCG/ SITE ll? T YOEL” 172772. 


JO a: 
yz 
xe 
: ae 
30 
X 
8) 
~ | 
¥ ZO Oo 
a | A 
N | O-PAD I2STQWATTOW?, 3 RCT ATAIS, 
ue (Good Tyee) 
0-S74, 3 Keruvv7s, (Foor Type) 
0-677, 2/ Ferurv7s 
25 /0 £0 30 FO Ye) 60 70 GO 


Wraear- Owraoor lenoerarure Lt¥lerear7ce 17? WG. F 


Fic. 29. Upstairs AND Downstairs Recister AIR VELOCITIES 


Temperature studies for the downstairs and upstairs rooms are 
shown in Figs. 30 and 31. Figure 30, for first-story rooms, shows 
that floor temperatures were no better for the Sixth Installation with 
the entire twenty-one returns in operation than for the Fifth Instal- 
lation. But the same Fig. 30 shows that, when the twelve upstairs 
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TABLE 12 
SuMMARY OF CoLp-AIR RETURN DISTRIBUTION 


Sixth Installation, 21 Return Grilles _ 
Daily Tests Nos. 258, 259, 260, 261 averaged for this summary 


East South West 
Duct Duct Duct Total 
Sizepines oc sort cosine Malo sis Geisler 17 20 20 
ATCA NBC AD scrote ciens teva torays ie aime aero. 226 314 314 854 
Number Of Grilles ce. sone cde tsnarerorevtlces «53° 4 9 8 21 
WiDStalnserrcmre tector teteichaeusie te envten Neretens 2 5 5 12 
MOownstairsanecccstrenec sry eek were. 2 4 3 9 
Weight of air 
Wpstairs: Ibs/bre o.oo oaretene: telat 188 282 361 831 
Downstairsslby/hrin. «eerste erence 292 482 615 1389 
Total M.D eceqernecteeceae eee 480 764 976: 2220 
Percentage of air 
WDStaIEs wt oc che tie tea enema ee eters 25.0 36.9 Syl a) 30.5 
INOW IAS GANS ee steven covets tess reltvale cane eneietions 74.5 63.1 63.0 62.5 


Outdoor temperature 25 deg. F. 


returns were closed, the nine remaining returns on the first story pro- 
duced a floor temperature condition more satisfactory than was ob- 
tained with any other of the six installations. 

Figure 31 also shows a slightly improved temperature condition 
at the floor level in the upstairs rooms, but does not indicate that 
a material difference existed between the results obtained with twenty- 
one and with nine grilles open, respectively. 

The efficiency and capacity curves of Figs. 23 and 24 show that the 
Sixth Installation was the equivalent of the Fifth in economy and 
heating effect. A study of the air flow at the warm-air registers, Fig. 
29, shows that the resistance to air movement was not so great as for 
the Fifth Installation, but the curves show that register velocities were 
much lower than for the Fourth Installation. The total area of the 
branch ducts for the Sixth Installation was much greater (see Table 
2) than the return duct area for any of the other systems, but the great 
length, and abrupt changes of direction, resulted in retarding the total 
air flow. 

Readings taken with calibrated anemometers in all of the upstairs 
return ducts show that all of these ducts were active, but the quanti- 
ty of air handled by them was not sufficient to stop the gravity flow 
down the stairways to the first-floor returns. A summary of the cold- 
air return distribution is given in Table 12. It appears that the air 
returning through the upstairs return ducts was only 37.5 per cent 
of the total, although the upstairs grilles comprised 45 per cent of the 


75 


SWOOY NI SUMOLVaGdING TY, HO AUVNWOG 


eI @Iavy, 


a 

eat 

< 89° FL 6°69 6°SL 6 SL OZ GPL P't8 9°92 9°TL Gane Coal ED Bergen eae BOP Esiicye) 
Ay 16 T8°TZ 99 P89 VL S°69 See 6°08 G&Z 24°89 6°69 GOL || PAeT Burqyvoig 
ae €€°99 0°19 8°€9 8°69 v'e9 0°99 Laitey2 4°69 8° €9 T'+9 Si PM ene RG 100, qT 
2 

o 

< aie AOqrUr ATOQIUE oor 4 WooIpsg | wooipeg wooIpeg e uoyo woo uUlOOY’y 

a aes EOIN GL Nel aoe “MN ‘MS ‘a Mies et surard BULATT qe “WT -Bo 

5 -ieduie J, oars, omnqurodue 

Fy I0opyng 

2 IOOTT py, 100, puoosag Ioo,y sal 

< 

3 “BO pesopo suimyor sureqysdn ‘ogz ‘P8S ‘E8S ‘SON sqsoy, A[req 

a 

5 68° EL 6°89 € GL LoL 6°69 Suez 8° €8 0-22 €°69 6°02 SAS Lill, liber densa sulyled 
ce SC LE-TL €°99 0°89 8'°eZ ¢°89 GIL 9°08 O'FL 6 L9 6°89 6 GL _ | PPAeT surgyeoig 
e) GZ°S9 i718) €°€9 £°69 0°€9 6°S9 9°€2 T’89 0°¢9 9°€9 SLO heii Siete eet COT Hi 
Zz 

©) - A104 ,;0r A104 vO woo0144e woolpsg | wWooipag ul001peq B weu04r ul007Yy ulo00yy 

5 a pee ea OCEAN Ie docr. “cr es ‘M's cr ae MOT | ga | sutary need op 

O -Jeduia J, M4 > *oanqeredure J, 

> oc 8) 100 

nD TH PAL JOO] puodsag TOOT FSINT 

Ss 

z ‘uedo suinqod [Te $Z7gz ‘T8Z ‘O8Z ‘SON 8}89,[, A[Ieq *pasoyo S100p ][@ : uoIeTTe\suT 3X19 

Lan 


76 ILLINOIS ENGINEERING EXPERIMENT STATION 


| [ol ay T ‘Celling Inner glass Mish CO1AaS COCCI ATE 
5 ee hydrochloric acla ; euler ash las 


Ceiling concertrared MAAN Fy aT OKTae. 
Dish 


Breaveisag, 
LIV?E N 
DIsf? 


BOL 


Fic. 32. Fume GENERATOR 


total grille area, and the upstairs ducts comprised 88 per cent of the 
area of the three main ducts entering the furnace. 

A further study of the operation of the upstairs grilles was at- 
tempted by closing the room doors and operating with all twenty-one 
grilles open, and again with the twelve upstairs grilles closed and the 
nine first-floor returns only in operation. The resulting temperatures 
in the rooms for outdoor temperatures of 25 and 27 deg. F. are shown 
in Table 13. The results, though surprising, show that the rooms 
were as well heated with the upstairs grilles closed as with them open. 
The only plausible explanation of this condition was that a large 
amount of air returned beneath the doors to the first-floor grilles, and 
that the resistance to air flow was less by this path than by way of 
the upstairs return ducts. 

Accordingly, observations were made with smoke fumes created 
by means of ammonium hydroxide and hydrochloric acid placed in 
separate dishes,* one dish being small enough to be set concentrically 
in the larger dish, as shown in Fig. 32. The fluids were not mixed 
but were separated from each other by the dishes. It was observed 


*F. L. Fairbanks, ‘Dairy Stable Ventilation,’ Jour. A. S. H. and V. E., Vol: 34, No. 2, 
p. 125, Feb., 1928. 
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Fig. 33. SecrionaL EvevaTion SHowina Air Currents 1n Rooms 


that the flow of air was very rapid through the %-in. crack under 
the door, and that air currents could actually be traced through the 
upstairs door cracks, thence down the stairways, and through other 
door clearances to grilles in the downstairs rooms. This demonstrated 
that there was less resistance to air movement by other paths than 
through the upstairs returns. The smoke studies are not quantitative, 
but do afford a means of evaluating the velocity of air movement or 
air change between rooms or under doors if so desired. 

These studies with smoke led to further conclusions as to the man- 
ner of air distribution among the rooms. In Fig. 33 the air currents 
observed in some of the rooms have been charted. As shown in Fig. 
33, it has been observed that in all rooms the most pronounced move- 
ment of air is toward the warm-air registers under the inductive action 
of the stream of heated air emerging from the registers. Returns 
located near the windows, although helpful, do not sufficiently interfere 
with this movement toward the warm-air registers to prevent the 
presence of a layer of cool air near the floor. As shown in Fig. 30, 
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the numerous grilles of the Sixth Installation were somewhat more 
effective in increasing floor temperatures than was the case in the 
previous installations, but were not adequate. 

Secondly, the smoke studies led to the conclusion that equaliza- 
tion in temperature between the various rooms is partially accom- 
plished by lateral air flow between rooms. Invariably the air was 
observed to flow out of the warmer rooms at the tops of the doorways, 
and cooler air returned to these rooms at the floor levels. 


29. Conclusions —The following conclusions may be drawn: 

(1) In general, somewhat better room temperature conditions 
may be obtained by returning the air from positions near the 
cold walls. 

(2) Friction and turbulence in elaborate return duct systems 
retard the flow of air, and may seriously reduce furnace efficiency, 
and lessen the advantages of such a design. 

(3) The cross-sectional duct-area is not the only measure of 
effectiveness. Friction and turbulence may operate to make the air 
flow out of all proportion to the duct areas. 


Because so many factors, such as wind velocity and direction, 
amount of sun, snow on the roof, and others, affect the quantity of 
fuel consumed, it was found impossible to show that the lowered 
efficiency of the furnace with the later installations caused a greater 
fuel consumption over an entire season. The fact that the heat radiated 
from the furnace casing, smokepipe, and chimney is_ indirectly 
available for heating the Residence further minimizes the effect of 
reduced furnace efficiency. The final proof of a difference in overall 
economy for the various installations would be a difference in the tem- 
perature of the flue gases as discharged from the top of the chimney. 
Such a difference in the flue-gas temperature is not evident from the 
data, and it must be concluded that no substantial difference in the 
overall economy of the systems existed. 


VII. Errect oF SUNSHINE AND WIND ON HraAtTING ConpITIONS 


(Dairy Txsts 30 To 148 rnc.) 

30. Object of Study—Obviously wind and sun have some effect 
on the heat loss in residences; but a very limited amount of data for 
evaluating the effect of wind and sun is available. By observing the 
velocity of the wind and the hours of sunlight concurrently with the 
temperature conditions in the Research Residence, it has been pos- 
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sible to estimate approximately the effect of these two weather phe- 
nomena. 


31. Description of Method.—The average wind movement in miles 
per hour for the 24-hour periods of the daily tests was obtained from 
the local station of the U. S. Weather Bureau, and verified by estimate 
of wind velocity made five times daily at the Research Residence. No 
account of wind direction was taken in this study. As the wind 
velocity determinations and other variable factors observed were not 
sufficiently exact to justify close analysis, it was decided that two 
general velocities, 5 and 10 miles per hour, would be considered. In- 
spection showed that for those days on which the average wind veloc- 
ity exceeded 7 miles per hour the average was 10 miles per hour, 
and for the days on which the velocity was less than 7 miles per hour, 
the average was 5 miles per hour. 

Sunshine determinations were made by the sunshine recorder of the 
Physics Department of the University of Illinois. As the functioning 
of this instrument depends on the intensity of sunlight and its ad- 
justment might be so delicate as to cause it to indicate partial sun- 
shine during a hazy period, days of partial sunshine were neglected in 
this study, and only days of no sunshine and days of approximately 
8 hours of sunshine were included. 

Attached to the under side of the copper shingles which cover the 
roof of the Research Residence were four thermocouples located at 
three points on the south face of the roof and one on the west face. 
Temperature readings at these thermocouples varied greatly with the 
position and intensity of the sun and with the outdoor temperature. 

At three places in unfinished-attic or roof-gable spaces, adjacent 
to the roof thermocouples, there were located thermocouples for ob- 
taining the temperature of the air of these spaces. Simultaneously 
with the taking of other data in the five daily observations readings 
of these thermocouples were also taken. 


32. Discussion and Conclusions—The results are shown graphi- 
cally in Figs. 34, 35, and 36. 

The isolation of the effect of wind velocity was a relatively simple 
process. By selecting the observations for those days on which there 
was a maximum sunshine, and plotting the average register air tem- 
perature for the house against the indoor-outdoor temperature differ- 
ence, it may be observed that points corresponding to high and low 
wind velocities are grouped in distinct zones, Fig. 34. Thus it is 
possible to draw, through the points, lines representing the required 
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Fic. 36. Errecr of SUNSHINE ON ATTIC AND Roor TEMPERATURES 


register air temperature for the 5-mile and 10-mile wind velocity 
conditions. The upper part of Fig. 34 shows that with average sun- 
shine and high wind a register air temperature of 110 deg. F. was 
necessary to keep the house temperature up to 70 deg. F., but if low 
wind velocities prevailed a register air temperature of about 106 deg. 
F. was sufficient. Similarly, Fig. 35 shows that for cloudy weather 
with high wind the average register air temperature would be 113 
deg. F., and for low wind velocities 108 deg. F. 

The points plotted for the curves of Figs. 34 and 35 are so widely 
scattered that precise conclusions cannot be drawn. Other factors 
than that of wind velocity, such as degree of dryness of the surfaces 
of the building, direction of the wind, and fluctuations in register air 
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temperature, affect the location of the points. However, the results 
indicate that the increased heat loss of the building corresponding to 
an increase in wind velocity from 5 to 10 miles per hour is such as 
to require an increase of approximately 5 deg. F. in the register alr 
temperature necessary to maintain the same house temperature. 

By translating the register air temperature curves of Fig. 34 into 
terms of combustion rate or fuel consumption, using the performance 
curves, Fig. 14, for the Research Residence installation, the lower 
curves of Fig. 34 were derived. These curves show that in average 
winter weather it was necessary to increase the fuel consumption rate 
from 1.7 to 2.0 pounds burned per square foot of grate per hour to 
compensate for an increase in wind velocity from 5 to 10 miles per 
hour. This increase represents 17.5 per cent, or 2.5 per cent per mile 
of wind velocity above 5 miles. For practical purposes the heat loss 
may be assumed to vary directly with the combustion rate and the 
conclusion is that the heat loss of the Residence increased 2.5 per cent 
for each increase of 1 mile per hour in the wind velocity above 5 miles 
per hour. 

The separation of the sunshine effect from the wind velocity effect 
is shown in the lower part of Fig. 35. Here the curves from the upper 
parts of Figs. 34 and 35 have been superimposed on a common set of 
coordinates. Since curves A and C represent the register air tempera- 
ture for a condition of no sunshine and B and D the register air tem- 
perature for full sunshine, a comparison of A with B or of C with D 
indicates the effect of sunshine, other conditions being identical. Thus 
a full eight hours of sunshine appears to have been responsible for a 
reduction in the average daily register air temperature of 2 deg. F. 
Expressing this difference in terms of combustion rate as in Fig. 34, 
there is indicated a reduction of approximately 10 per cent in the 
daily fuel consumption due to a full day of sunshine. 

The effect of sunshine may be further observed in Fig. 35, in which 
the temperatures of the shingles of the roof and of the unheated spaces 
beneath the roof are plotted for the conditions of sunshine and no 
sunshine. The following conclusions may be drawn from these curves: 

(a) In coldest weather sunshine on the roof resulted in a 30 
deg. F. increase in the temperature of the roof, and an 8 deg. F. in- 
crease in temperature of the gable spaces. 

(b) In mild weather (20 deg. F. indoor-outdoor difference) sun- 
shine increased the roof temperature over 50 deg. F., and increased 

the gable-space temperature about 12 deg. F. 
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(c) Only in extremely cold weather was the flow of heat out- 
ward through the roof when the sun was shining, and for weather 
warmer than 17.5 deg. F. (indoor-outdoor difference 52.5 deg. F.) 
the flow of heat was inward through the roof when the sun was 
shining. This condition is shown by the intersection of the two 
lines representing the roof temperature and the gable-space air 
temperature for the sunshine condition. 

(d) As might be expected the flow of heat during periods of 
no sunshine was outward, the gable spaces being at higher tempera- 
ture than the roof surfaces. In very cold weather this loss of heat 
was accentuated by a wide difference between the two temper- 
atures. ; 

(e) The effect of sunshine on the heat loss of the Residence 
is best shown by comparison of the temperatures of the gable 
spaces for the sunshine and no sunshine conditions, respectively. 
Thus in zero weather the heat transmission through the plaster 
ceilings below these gable spaces would be reduced by the appli- 
cation of the sun’s rays to the roof, in the ratio of (75-49) to 
(75-56), or 27 per cent. The temperature of the air lying against 
the ceilings below the gable spaces would be approximately 75 deg. 
F. in zero weather, and the values 49 and 56 may be observed to be 
the gable-space temperatures for zero weather, Fig. 35. It is 
evident, therefore, that during periods of sunshine the heat loss 
from the ceilings of the Residence was lessened approximately 27 
per cent, as compared with periods of no sunshine. 

(f) The temperatures in the gable spaces as shown in Fig. 36 
for coldest weather, and even for no sunshine, are 10 deg. F. 
higher than the mean between the outdoor temperature and the 
temperature of the air below the plastered ceiling, indicating that 
for this residence the usual method of assuming an attic tempera- 
ture equal to this mean would result in making the calculated 
heat losses excessive. 

A comparison of temperatures in the attic spaces in which an 
insulating blanket was laid over the joists with those recorded 
when no blanket was used showed that in coldest weather the use of 
the insulating material resulted in a reduction of 5 or 6 deg. F. (see 
Chapter XV) in the attic temperature. This reduction simply indi- 
cates that the heat transmission through the ceiling and insulating 
blanket was less than through the ceiling alone. It also indicates that 
the temperature difference through the insulated ceiling was greater 
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than through the uninsulated one, a condition which must be taken 
into account in estimating the value of insulation materials. The 
effect on the heating of the room is discussed in Chapter XV of this 
bulletin. 

The effect of sunshine on the heat loss from the side walls and glass 
surfaces of the Residence was not determined* separately, as no tem- 
perature observations have been made on these surfaces, or in the 
studding spaces of the exterior walls. 


VIII. Furn ConsuMPTION AND ECONOMY WITH SIX 
VARIETIES OF SOLID FUEL 


33. Object of Study—A comparison of the relative efficiency, con- 
sumption, and seasonal cost of the various classes of solid fuels used 
in the Residence has been made. This comparison, using the data 
from the daily tests, was based on sufficiently long periods of time, 
with regular operation and attendance under a wide variety of weather 
conditions, to show the effect of the various physical and chemical 
characteristics of each of the fuels investigated. 


34. Description of Procedure ——A description of the plant in use 
during these tests, and of the testing procedure, has been given in 
Chapter II. It is essential that the conditions under which the data 
were obtained be understood, and the following are the principal con- 
ditions. The Residence was heated day and night, with the exception 
of one small room which was occupied at night, and from which the 
heat was then closed off. An average temperature of 70 deg. F. at 
the breathing level for the ten heated spaces was maintained with a 
dual system of thermostats. This control was adjusted to suit varying 
weather conditions, so that variations from the mean temperature at 
the control point in the Residence amounted to less than 1 deg. F. 
With this method of control the dampers opened to admit air to the 
fuel several times an hour, and combustion went on at a nearly uni- 
form rate. 

Fuel was fired four times in the 24-hour day. Each morning the 
ashes and sufficient unburned coal were shaken through the grates 
to leave a clean fuel bed at one-half the firepot depth as shown by a 
definife mark on the firepot. From the weight of fuel fired and the 
refuse withdrawn the daily fuel consumption was computed. 


*Such studies are being made and will be reported in a later bulletin. 
tSee Chapter XII. 
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TABLE 14 
PROXIMATE ANALYSES OF SIx FUELS 


: Heat 
Moisture | Volatile Fixed Ash Sulphur 
Fuel, as fired per cent per cent Carbon per cent hee ee 
per cent per lb 
PANGHTACIGE Sn ove. cfs ixi0 4.24 5.79 78.22 al 7655 0.59 12 

By-product coke...... 1.00 0.77 88.66 9.57 0.69 13 $00 
Bitum. (IU., high ash). 8.86 36.07 42.18 12.89 4.10 11 178 
Pocahontas.......... eel 17.84 75.24 Hy. 115) 0.59 14 836 
Bitum. (Ill., low ash) . 8.40 32.00 50.89 8.71 0.72 11 881 
Bitum. (BE. Ky.)...... 1.76 37.10 53.96 7.18 es 13 698 


In the case of soft coal all lumps were less than 6-inch, and were 
fired together with all fines which resulted from breaking and handling. 
The anthracite and coke were uniform in size and would pass a 3- 
in. screen. In firing the soft coal some attempt was made to practise 
the so-called alternate method, and to prevent the formation of holes 
in the fuel bed. All fuels were delivered to the Residence without 
wetting. Samples of each fuel were accumulated as the tests pro- 
ceeded. 

An inside chimney 12 in. by 12 in. by 35 ft. high, having a fire- 
‘clay tile lining, with 8-in. brick walls, provided the draft. No check 
draft opening was used. A cross damper was used to limit the draft 
and the adjustment was such that no smoking occurred at the firedoor. 

Proximate analyses of the six fuels fired are given in Table 14, and 
it should be observed that they have widely different characteristics. 
Results of the tests are given in Table 15. 


35. Analysis of Results—Inasmuch as weather conditions during 
the tests were not controllable, and the rates of combustion varied 
with the weather, the procedure shown in Columns 4, 5, and 6 of 
Table 15 was followed to obtain an equable basis for comparing the 
results. 

Column 4 shows the temperature difference between the air inside 
and that outside of the house. The values shown in this column are 
proportional to the operating loads on the heater. These loads were 
unequal. Column 5 shows the average combustion rate for the par- 
ticular fuel and load, and for the particular number of daily tests 
from Column 3. Column 6, obtained by dividing values of Column 
5 by those of Column 4, shows the factors upon which the rela- 
tive consumptions of fuel were based. 
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This procedure is based on the assumption that the combustion rate 
is directly proportional to the indoor-outdoor temperature difference 
or heating load. Such an assumption would be mathematically cor- 
rect only if the furnace efficiency were constant for all rates of com- 
bustion and if the line expressing the relation between combustion rate 
for each fuel and indoor-outdoor temperature difference passed through 
the origin. However, the assumption of a straight line relation for 
each fuel is sufficiently accurate for all practical purposes since a plot 
similar to Fig. 13 indicated that a single straight line could be drawn 
to represent the observed data with a fair degree of accuracy. Under 
these conditions, the assumption can be justified and the values in 
Column 6 were used for the computation of the values in Columns 8, 
9, and 12. 

Column 7 shows a conversion of the values of Column 6 from a 
weight basis to one of calorific value. It may be used to compare 
the fuels on the basis of thermal efficiency. The values show that 
fuels for which the smallest number of heat units were expended in 
heating the house were not the most economical fuels from the stand- 
point of cost. 

The overall thermal efficiency always deserves consideration in 
residence heating, as with coke or anthracite coal it has been found 
that the overall efficiency is approximately 90 per cent, or in other 
words, the final chimney loss is only 10 per cent of the heat of the 
fuel. With high volatile fuels the overall efficiency may be as low as 
65 per cent, with 35 per cent of the heat of the fuel lost from the 
chimney. 

Column 8 shows the approximate combustion rate necessary to 
heat the house to 70 deg. F. in zero weather. This rate has been 
calculated for the different fuels, and agrees well with actual tests on 
anthracite coal in zero weather, as shown in Fig. 13. 

By using the values of Column 6 and a total seasonal heating load 
of 6160 degree-days, the total seasonal tonnage shown in Column 9 
was obtained. A seasonal load of 6160 degree-days is nearly normal 
for the locality of the Research Residence, and inasmuch as it was 
the actual seasonal load with the first winter’s fuel, anthracite, the 
consumption of each of the other fuels was calculated to the same 
basis. The degree-day unit corresponds to a mean temperature differ- 
ence between indoors and outdoors of 1 deg. F. prevailing for one day, 
and the seasonal load, therefore, corresponds to the summation of the 
indoor-outdoor temperature differences for all days of the season. This 
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corresponds to the difference between an average indoor temperature 
of 65 deg. F. and the average outdoor temperature for the heating 
season multiplied by the number of days in the season. 

The values in Column 9 are in the same order as those of Column 
6, and express the fuel consumption in the usual commercial units. 
From the tonnage and the unit cost (Col. 11) the relative cost of oper- 
ation shown in Column 12 was obtained. Column 11 shows the ac- 
tual local price paid for the fuels in the bin. These prices vary with 
season and location, hence the values in Column 12 should not be 
regarded as absolute. Different prices than those quoted might easily 
effect a rearrangement of the values in Column 12. 

The amount of ash handled with the six fuels is an important factor 
affecting their relative values as house heating fuels. If the ash per- 
centages of Table 14 are applied to the seasonal tonnages in Column 
9 of Table 15, it will be found that the weights of ashes carried away 
from the furnace, not accounting for coal which actually fell through 
the grates, were as shown in Column 10. 


36. Conclusions.—Table 15 shows that Pocahontas coal possessed 
the greatest number of economical characteristics, such as least ton- 
nage, least ash handling, and least cost. Soft coal, having the lowest 
unit price, was not the cheapest coal for the season, and required 
the greatest tonnage. This fuel, though unsatisfactory from the stand- 
point of smoke, soot, ashes, and low thermal efficiency, has one ad- 
vantage, namely, quick ignition with rapid acceleration of the fire. 

Critical examination of the values in Table 15 shows that no one 
chemical or physical characteristic of the fuels alone controls the 
consumption; hence the curves shown in Fig. 37 have been plotted to 
show the effect of the predominant characteristics with the heat value, 
ash percentage, and volatile percentage as ordinates, and seasonal 
tonnage as abscissas. These curves show certain tendencies, as fol- 
lows: 

(a) Tonnage decreases as the heat value 
(b) Tonnage increases as the ash 
(c) Tonnage increases as the volatile matter 


These relations, however, when combined indicate that tonnage 
varies directly as the product of ash and volatile matter divided by the 
heat value. A fourth curve has been drawn combining these factors 
and showing a more consistent relation than any of the other three 
curves, so that it serves as an approximate measure of the tonnage 
required for any fuel of known characteristics. Thus, for a fuel for 
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Fic. 37. ReLATION BETWEEN ASH, VOLATILE, AND HEATING VALUE AND THE 
SeasonaL ToNNAGE oF FUELS 


which the fraction (ash times volatile matter divided by heat value) 
equals 0.02, the weight required would be 11.9 tons. Expressed in 
other words, the curve means that for minimum consumption fuels 
having low values of the fraction are desirable. With this knowl- 
edge, price may be combined with consumption in the intelligent selec- 
tion of fuels for maximum economy in heating. 

The curve may be further employed to approximate the consump- 
tion of fuel in any given residence by proportioning the tonnage and 
heat loss of the Research Residence (119 000 B.t.u. per hr. at zero deg. 
F. and 15 miles per hour wind) to the heat loss of the residence in 
question for the same weather conditions. Such comparisons must, 
of necessity, take into account any dissimilarity in operating condi- 
tions which may exist in the two cases. 
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IX. RELATIVE Humipiry AND EVAPORATION WITH 
THREE TYPES oF Pans 


~(Daity Tests 1-289 rnc.) 


37. Object of Study—In the normal operation of the Research 
Residence during the heating season, data were obtained on the rela- 
tive humidity of the air and the evaporating capacities of three types 
of water pans. These data have been used for the comparison of 
the methods used and results obtained under actual house conditions. 


38. Description of Testing Equipment.—The three types of equip- 
ment employed in the tests, a typical low front evaporator, a dome- 
type evaporator, and a base evaporator, are shown in Fig. 38. Tap 
water containing a relatively small quantity of scaling ingredients, 
about 17 grains of the carbonates of calcium and magnesium per 
gallon of water, was used. Owing to the presence of free sodium car- 
bonate, this water is self-purging when heated, merely forming a 
loose sludge. In addition to this submerged sludge, a floating crust 
was formed on the surface of the water as evaporation progressed. 

The front pan was filled intermittently as evaporation proceeded, 
hence the water level was not constant, and the surface exposed to air 
was not constantly 92 sq. in., but sometimes was as low as 50 sq. in. 
On the other hand, the dome and base pans were favored by having 
constant surface exposures. | 

A wet-bulb and dry-bulb temperature recorder located in the 
dining room near the house thermostat drew continuous charts from 
which the mean wet-bulb and dry-bulb temperatures for each 24-hour 
day were taken. This instrument was checked daily with a sling 
psychrometer. The outdoor relative humidities were determined from 
readings of a sling psychrometer and from observations of the local 
Weather Bureau. The house was under thermostatic contro] at ap- 
proximately 70 deg. F. 

In the late fall months prior to the tests with the evaporators, 
the house was under heat for periods of several weeks so that evapo- 
ration from the materials of the building was reduced to a minimum, 
and conditions of equilibrium were established. 


39. Results and Conclusions—The rate of evaporation depends 
on the temperature and surface area of the water. Since the pans 
receive all of their heat from the heating surfaces of the furnace, 
it is evident that combustion rate and, therefore, indoor-outdoor tem- 
perature difference are the principal factors affecting the rate of evapo- 
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TABLE 16 
EVAPORATION COEFFICIENTS FOR Low-FRONT AND DoME PANS 


Evaporation, gal. per 24 hr. 


Combustion Rate Evaporation per sq. in. water surface 
lb. per sq. ft. of grate gal. per 24-hr. day per sq. in. heating surface 
es bee Dome Front Dome Pan Front Pan 

1 1.25 1.0 0.4 0.0000237 0.0000485 

2 2.75 2.5 1.0 0.0000595 0.0001210 

3 4.50 4.0 1.8 0.0000950 0.0002180 

4 6.00 5.5 2.5 0.0001310 0.0003030 


ration. The increase in temperature of, and the water vapor content of 
the air which leaks into the house are also factors affecting the rela- 
tive humidity. Hence evaporation and relative humidity indoors and 
outdoors may be plotted as functions of the indoor-outdoor tempera- 
ture difference, as has been done in Fig. 38. 

The results indicate that the dome pan evaporated 2.25 times as 
much water as the front pan, although it had only 67 per cent greater 
surface area. Hence the -relative value of a square inch of water 
surface in the dome pan is 2.25 divided by 1.67, or 1.35 times as 
great as a square inch in the front pan. This greater evaporating 
capacity of the dome pan may be attributed to greater heating surface 
amounting to 274 sq. in., as compared with 90 sq. in. of surface pre- 
sented to the radiant heat of the castings by the front pan. 

The base pan evaporated 3.5 times as much water as the front 
pan and 1.5 times as much as the dome pan. Its water surface was, 
respectively, 10 and 6 times as great as the water surfaces of the 
front and dome pans. The highest water temperature observed in the 
base pan was 120 deg. F. The pan produced the greatest evapora- 
tion by reason of its great surface exposure rather than by the heat 
energy received from the furnace castings. Obviously, the horizontal 
movement of air over the surface of the water in the base pan in- 
creased its evaporating capacity. 

It is possible to derive an approximate coefficient of evaporation 
for pans in two of the positions which may be useful in designing 
water pans. In Table 16 such coefficients have been calculated for 
several combustion rates in the operating range. This table could 


not be extended to include coefficients for a base type of pan, as the — 


heating surface and the path of air travel over such a pan are in- 
definite quantities. 


TABLE 17 


INVESTIGATION OF WARM-AIR FURNACES, PART IV 


93 


Water Vapor REQUIRED TO Maintain Constant RELATIVE HUMIDITY 
or 40 Per Cent In RESEARCH RESIDENCE 
Based on one air change per hr. 


Weter = Water 
ter Vapor 
Water aie i 
Outdoor* Indoor* Vapor 70 deg. F ae ee eee 
Outdoor tae Rel. Indoors anal Inleaking et, 
dene Hey Hum Ib. ae 40 per cent Air, lb. Inleaking 
Ts ae oe cu. ft. Rel. Hum, (after Air, lb. 
cen 70 ee 7” Indoors heating to | (to maintain 
eg. F.) b. per 70 deg. F.) | 40 per cent 
cu. ft. at 70 deg. F.) 
50 65 39 0.00045 0.00046 0.000368 0.000092 
40 ‘3 32 0.00037 0.00046 0.000278 0.000182 
30 79 27 0.00031 0.00046 0.000203 0.000257 
20 86 23 0.00026 0.00046 0.000138 0.000322 
10 92 21 0.00024 0.00046 0.000090 0.000370 
0 98 19 0.00022 0.00046 0.000057 0.000403 


*From Fig. 38. 


It should be noted that the front pan must receive radiant heat 
from the very hot firepot and the dome pan from the top of the 
dome of the furnace, if these coefficients are to be applied, and also 
that the dome pan received some heat by conduction through the three 
legs which supported it on the dome. 

The relative humidities obtained in the house with the three pans, 
and also the corresponding outdoor relative humidities, are shown in 
Fig. 38. The spread of the plotted points was so great that it was 
not possible to draw more than one curve or to show positively that 
any of the three pans effectively increased the relative humidity above 
that obtained without the use of the pans. The latter condition has 
been designated by single open circle points in Fig. 38. 

In Fig. 38 the relative humidities are shown to have been 18 per 
cent in the coldest weather and 40 per cent in the mildest weather. 
Eighteen per cent relative humidity is scarcely adequate for comfort 
at 70 deg. F. dry-bulb temperature, but at 73 deg. F. dry-bulb tem- 
perature 18 per cent is sufficient for comfort according to the researches 
of the American Society of Heating and Ventilating Engineers. 

The failure of the evaporating pans to raise the relative humidity 
above the humidity which existed without evaporation indicates 
that the inleakage of air into the house was very great, and that 
to maintain a relative humidity of 40 per cent throughout the heating 
season would necessitate the evaporation of large quantities of water. 

Table 17, prepared from the curves of Fig. 38 and the hygrometric 
tables,* shows the amount of water vapor required per cubic foot of 


*G. A. Goodenough, “Properties of Steam and Ammonia.” 
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inleaking air if a relative humidity of 40 per cent were to be main- 
tained indoors. From the table it may be observed that the water 
vapor to be added to maintain 40 per cent relative humidity in the 
coldest weather is nearly twice as great as the water vapor present 
under the actual conditions of operation. Thus, if the inleakage 
amounted to one air change per hour, or 16 120 cubic feet, the total 
evaporation within the house to maintain 40 per cent relative humidity 
would be 16 120 x 0.000403 — 6.5 lb. per hr., or approximately 18.7 
gal. per 24-hr. day from all sources. 

The adequate humidification of a residence in cold weather is 
fully as dependent on preventing air inleakage as on evaporating 
large quantities of water. 

During the tests frosting of the window panes occurred only when 
extreme cold followed suddenly after warm weather, when for brief 
periods the temperature of the glass dropped below the dew point 
of the water vapor then present in the air. Although a relative humid- 
ity of 40 per cent, accompanied by dry-bulb temperatures lower than 
70 deg. F., has proved to be advantageous from the standpoint of 
comfort and of preservation of woodwork the problem of window 
condensation becomes a practical obstacle. With single glass win- 
dows and 40 per cent relative humidity condensation will occur when- 
ever the temperature of the inside surface of the glass drops below 
40 deg. F., and the outdoor temperature below 30 deg. F.* The con- 
densation damages the woodwork around windows. Either the inner 
glass temperature must be increased by means of double glazed win- 
dows, or the relative humidity must be decreased if condensation on 
the window surfaces is to be avoided. 


X. Errect or Coup-arr RETURN CONNECTIONS ON AIR 
TEMPERATURES AT FURNACE BONNET AND PIPES 


(Dairy Tests 73, 75, 77, 80, 83, and 160, 161, 164, 165, 166, 
and 184, 186, 188, 191, 192) 

40. Object of Study.—It has been observed that the arrangement. 
of cold-air returns about the furnace casing affects the temperature at 
which the heated air enters the various pipes connected to the fur- 
nace bonnet. This chapter consists of a discussion of this effect as 
shown by three types of cold-air return constructions in the Research 
Residence. 


at ae p. 143, “Investigation of Warm-Air Heating Systems,” Univ. of Ill. Eng. Exp. Sta. 
ul. A 
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41. Description of Installations Tested—The Second Installation, 
having one large return shoe at the rear of the furnace, as indicated 
by the arrow in Fig. 39, and as shown in Fig. 20, and the Third In- 
stallation, having three returns, as indicated by the dotted arrows 
of Fig. 39, and as shown in detail in Fig. 6, were used in making a 
comparison. A second comparison was made with the Third Installa- 
tion with and without baffles or division plates between the three 
cold air returns, as shown in Fig. 40. These separators were plain 
pieces of galvanized iron 18 in. high extending from the outer casing to 
the ashpit and firepot of the furnace, and spaced between the cold- 
air shoes in such a way as to divide the base of the furnace casing 
into three sectors, each supplied by a cold-air return. 

For each of the three stated conditions five tests run under ap- 
proximately the same weather condition, averaging 30 deg. F., were 
selected and compared. Bonnet temperatures, or the temperatures at 
which the air enters the various pipes, were used as indexes of the 
effect under investigation, a high bonnet temperature indicating an 
active and desirable condition. 


42. Results and Conclusions.—The results are shown in Figs. 39 
and 40, the radial lines indicating pipe positions, and the arrows indi- 
cating cold-air return connections. Figure 39 indicates that: 

(a) A higher air temperature area appeared over the point of 
entry of each cold-air return. 

(b) A single return resulted in increasing the eccentricity of 
the temperature diagram with adverse effect on the temperatures 
near the furnace front, whereas the triple return produced a more 
nearly concentric diagram with favorable effect on the forward 
pipes. 

(c) It is concluded, therefore, that a divided system of returns 
produces a more nearly uniform air temperature distribution in 
the furnace bonnet than a single return. 

In Fig. 40 the results obtained with baffles are shown; the dotted 
line, identical with the dotted line of Fig. 39, represents the bonnet 
outlet temperature for the Third Installation with no baffles. From 
Fig. 40 the following conclusions may be drawn: 

(d) Above the point of junction of two streams of air entering 
the casing from cold-air shoes the bonnet air temperature was de- 
pressed, a condition which indicated that turbulence at this point 
had retarded the flow of air over a localized portion of the heating 
surfaces. 


ILLINOIS ENGINEERING EXPERIMENT STATION 


96 


SHYOLVIGINAT, LINNOG NO SHOHG SHYNLVYAIN AT, LANNOG 


UlvV-d10o(-) NAAM Lae ONIMAVG JO Load ‘OP DIY No NOWIsogd Lond Nandy do Loaddy 68 “oO 
Sco&A AY 'SYKLOG ‘SUMH2Y EF SoEB/ AY SCLUYBY E COMDJOSE] PAG == ~~~ 
YEA AY SUYfOGP ON ‘SUM72Y E mmm m= JoGCE AY CM HaY | COMO/AStY CUZ 
SOE G07 O1AMMAL 40024770 YoOE 20704EMMI, ACOH 


LUOQY 


° 


(OUMOG {O 211?LOAPXLMAL 


INVESTIGATION OF WARM-AIR FURNACES, PART IV 97 


(e) The use of the baffles resulted in a more nearly uniform 
temperature diagram, presumably because the baffles reduced the 
turbulence between the entering air streams. 

({) The average temperature at the eleven bonnet outlets was 
the same in both cases, indicating that the motive head, and, there- 
fore, the total air flow through the heating system, was not altered 
by the addition of the baffles. 

The results of these observations indicate the desirability of intro- 
ducing the return air to the furnace casing, and of arranging the leader 
pipes, so as to give the most nearly uniform air temperature distribu- 
tion. Variations in the temperature loss in leader pipes, by reason 
of variations in pipe lengths, combined with disadvantageous bonnet 
temperatures, may act to seriously reduce the heating effect at some 
registers and unbalance the operation of the system. 


XI. Warmine Rate FROM A CoLp STATE WITH A 
FRESHLY KINDLED FIRE 
(Dairy Trst 149) 

43. Object of Study.—As a practical test of the performance of 
the warm-air installation in bringing the Residence up to a comfortable 
living temperature, a time-temperature study was made, starting with 
a cold house and a cold furnace. 


44. Description of Method—The Second Installation in the Re- 
search Residence was used in the test. This system had one large 
return duct (854 sq. in.) with well designed angles and boot, eleven 
pipes (832 sq. in.), and a cast-iron circular-radiator furnace having 
a 23-in. grate and a 52-in. casing. 

In order to duplicate the conditions in a house which has been 
standing in freezing weather without artificial heat, the windows were 
opened and the fire shaken down at 10:30 p. m., about ten hours be- 
fore starting the test. At 8:15 a. m., after all windows had been 
closed, the test was begun with the outdoor temperature at 29 deg. F., 
and the average temperature in the ten heated spaces of the house at 
44 deg. F. 

A fire was then kindled on clean grates, using 8 lb. of light crat- 
ing wood and 25 lb. of Illinois soft coal of inferior quality,* and ob- 
servations of room temperatures, register air temperatures, flue-gas 
temperatures, velocity of air movement in the return duct, and the 
draft were made at five-minute intervals. 


*See Chapter VIII for analysis of this coal. 
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Fic. 41. Temperature Recorper Cuart ror WARMING-UP TEST 


Experience has shown that a draft of more than 0.15 in. of water 
cannot be expected from the average small residence chimney, and 
therefore, a limit of 0.15 in. of water as the differential draft between 
smokepipe and ashpit was set. Since combustion rate is dependent on 
the draft available, this limitation of draft to 0.15 in. really became 
the controlling factor in the rate at which heat was supplied to the 
residence. 


45. Results and Conclusions—The entire record of the test is 
shown graphically in Figs. 41 and 42, and little discussion is required. 
Figure 41 is a reproduction of a temperature recorder chart taken in 
the dining room. It shows that: 

(1) In one hour and ten minutes the breathing-line air tem- 

perature in this room had risen from 44 deg. F. to over 70 deg. F. 

(2) The air temperature increase began promptly with the 
starting of the fire and continued at a regular rate. Thus, a sen- 


sation of increasing warmth was evident immediately after start- 
ing the fire. 
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Fig. 42. GraPpHicaL Recorp or WARMING-UP TEST 


A more detailed record of the test is shown in Fig. 42. Plotted 
against the elapsed time in minutes are: (a) differential draft, (b) 
register air temperature, (c) velocity of air flow, (d) average air tem- 
perature in the ten heated spaces, (e) air temperature in return duct, 
and (f) outdoor air temperature. The weight of coal fired and the 
time of firing are also shown. From Fig. 42 the following observa- 
tions may be made: 

(1) Action was almost instantaneous. The average register air 
temperature, the velocity of flow in the return duct, and the aver- 
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age temperature at the breathing level, as indicated by curves B, 
C, and D, started to increase within five minutes after lighting the 
fire. 

(2) The average breathing-line air temperature of all rooms 
in the house did not reach 70 deg. F. until one hour and forty- 
five minutes had elapsed. This difference from the time of one 
hour and ten minutes shown in Fig. 42 was caused by closing off 
the draft after one hour to prevent over-running 70 deg. F., at the 
temperature recorded in the dining room. The closing was pre- 
mature, as curve D shows that the heat energy stored in the fur- 
nace castings and in the hot fuel at the end of one hour was not 
sufficient to carry the house temperature up to 70 deg. F. and a 
reopening of the draft door was necessary. 

(8) Throughout the first hour the temperature of the air in 
the return duct, curve HZ, was higher than the average temperature 
in the room, curve D, but reference to the data shows that during 
the same period al! the rooms on the first floor were at a higher 
temperature than the air in the return duct. This fact indicates 
that the cold air from the upper rooms was not being returned to 
the furnace at as great a rate as the cold air from the lower rooms. 

(4) A register air temperature of approximately 200 deg. F. 
was reached in the one-hour period before the house was satis- 
factorily warmed. The average register air temperature required 
for continuous operation for the same weather is only 105 deg. F. 
By deducting from these two register air temperatures the corre- 
sponding return air temperatures, it may be seen that the furnace 
was capable of increasing the temperature in its passage through 
the system 135 deg. F. as compared with 40 deg. F. during a period 
of constant heating. This comparison shows the large reserve ¢a- 
pacity available in such a heating system. 

(5) The average differential draft throughout the test was 
much less than the allowable draft limit of 0.15 in. of water and the 
conclusion must be that if the maximum draft had been reached * 
and maintained the time required for heating would have been 
much less. 


XII. Comparison or ContTrou witH SINGLE AND DOUBLE 
THERMOSTATIC SYSTEMS 


(Dairy Trsts 86 anv 104) 
46. Object of Study.—In the operation of the Research Residence * 
heating plant under thermostatic control it has been observed that 
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Fic. 43. Room, Recister Air, AND Fiun-cas TEMPERATURE RecorDs 
FoR SINGLE CONTROL 
In reading the Register Air Temperature chart deduct 50 deg. F. from the chart figures. 


with a single thermostat overheating of the furnace may occur. Only 
by a dual system of thermostatic control can such a condition be im- 
proved. Accordingly, tests of two systems of thermostatic damper 
regulation were tried during the winter of 1925-26. 


47. Description of Control Systems.—The two systems have been 
termed the single and the double or dual systems. The former consisted 
of a simple bimetallic thermostatic element mounted at the breath- 
ing level at the control station in the dining room of the Residence. 
This element closed the electric circuits through a motor which, 
in turn, actuated the movements of the draft damper. The dual sys- 
tem included the single system and in addition a second bimetallic ele- 
ment located in the bonnet of the furnace where it was exposed to the 
flow of warm air and to the radiant heat of the hot castings. The 
second element functioned to close the draft dampers when a definite 
temperature effect in the bonnet of the furnace had been attained, even 
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Fic. 44. Room, Recistrr Arr, AND Fiun-cas TEMPERATURE RECORDS 
ror DuaLt ContTROL 
In reading the Register Air Temperature chart deduct 50 deg. F. from the chart figures. 


though the circuit through the single element in the dining room was 
such as to require an open draft. The wiring arrangement made im- 
possible the opening of the draft unless the temperature in the furnace 
was below the limit for which the second element was set. 

No tests were made with manual operation. Tests with the single 
thermostat were made only with hard coal, but the dual system was 
used in tests of hard coal, soft coal, and coke. The firing procedure 
was identical for the tests on which the comparisons were based. 

The principal results are shown in the temperature recorder charts 
of Figs. 43 and 44, which were taken from typical hard-coal tests, 
numbers 86 and 104. 


48. Conclusions—In each of the illustrations, Figs. 43 and 44, 
three actual recorder charts are reproduced, showing temperatures (1) 
at the register in the dining room, (2) at a point in the smokepipe 
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three feet beyond the furnace, and (3) at the control board near the 
thermostat in the dining room. 

It may be observed that the temperature fluctuations were much 
more pronounced, and the time intervals between operations of the 
draft control much greater in the case of the single system than in the 
case of the dual system. The general conclusion to be drawn is that 
the dual system maintains much closer or more nearly uniform tem- 
perature regulation than the single system. 

The outdoor temperature shown in both cases on the lower right- 
hand chart was approximately 10 deg. F. For this condition the 
average temperature ranges and time intervals were: 


Average values of: Single Dual 
lueprasiranges egal aw. cs ciienesere on ac ete edie sae 300-750 350-500 
Register air temperature range, deg. F............... 120-170 135-140 
Room air temperature range, deg. F................ 70-76 70-72 
Time intervals between operations, hours........... 2.75 0.75 


From the shape of the efficiency curves of the warm-air furnace 
it is evident that during the periods of high combustion rates, which 
produced the high temperature waves shown in Fig. 43, the furnace 
efficiency must have been relatively low. It would appear, therefore, 
that the relative economy shown in the heating of the house with the 
two systems of regulation should favor the dual system. In Chapter 
VIII, Table 15, it is shown that 9.7 tons of anthracite coal were re- 
quired to heat the Residence 6160 deg.-days under dual control. Simi- 
larly, it was found that with the single thermostatic control the 
consumption of fuel was 10.1 tons. Thus the economy of the dual 
system is not more than 4 per cent greater than that of the single 
system. 

As a further indication of the economy of the dual system it may 
be noted that for the two tests referred to in this chapter the average 
flue-gas temperatures were 402 deg. F. for the single control test and 
355 deg. F. for the dual control test. Much of the heat of the gases 
was retained in the house as these temperatures were reduced in the 
passage of the gases through the smoke pipe and chimney, and the 
net economy has been shown to have been about 4 per cent in favor 

of the dual system. 
| In the case of soft-coal operation the fluctuations in the house 
temperature were greater than with the hard coal, indicating that the 
secondary thermostat was not sensitive enough to immediately check 
combustion and reduce the temperature of the fuel bed. However, 
the variations of 3 to 4 deg. F. in house temperature during soft-coal 
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operation with dual control were less than the variations during 
hard-coal operation with single control. This fact indicates that even 
with the rapidity of combustion of soft-coal fires the dual system was 
effective. 

Since the dual system of temperature control is more effective than 
the single system in eliminating excessively high temperature peaks 
in the bonnet and combustion space, it is obvious that the furnace 
itself is subjected to lower and more nearly uniform temperatures, 
resulting in better operating conditions and probably longer life for 
the equipment. 


XIII. CoMPARISON OF SINGLE AND DOUBLE WALL STACKS 


(Dairy Tests 84-120 1Nc.) 

49. Object of Study—The Research Residence tests furnish data 
on which to make comparisons of the relative value of single and 
double wall stack construction in furnace heating systems. All com- 
parisons made previously have been based on data obtained in the 
laboratory testing plants with stacks exposed, or with stacks housed 
to represent typical installation.* 


50. Description of Stacks——In the Residence two stacks running 
to the third-story rooms are of the same height (25 ft. above grate 
level) and internal dimensions (3 in. by 10 in.). The stack to the 
west dormitory is of double construction and the stack to the east 
dormitory is of single construction. Both have 8-in. by 10-in. registers, 
and 8-in. diameter leader pipes of approximately equivalent length. 
The leader to the west dormitory consists of two feet of straight pipe 
and two elbows ahead of the boot, whereas the leader to the east 
dormitory has four feet of straight pipe and one elbow. 

Air temperature measurements were made at the register throat 
and at the base of the stack proper, and air velocity measurements 
at the register faces. The comparison of the two stacks was based 
on these measurements. 


51. Results and Conclusions—Graphical results are shown in Figs. 
45, 46, and 47. 

The curves of Fig. 45 show that for a given temperature at the 
base of the stack, the double stack delivered air at a slightly higher 
temperature. Under the heaviest heating load, in coldest weather, the 


*See also “Investigation of Yana Air Furnaces and Heating Syst i 
of Ill. Eng. Exp. Sta. Bul. 141, p. SE SS eee 
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difference was about 3 deg. F., the register air temperature being 
higher for the double stack. 

As the air was returning to the furnace at approximately 65 deg. F., 
the advantage of the double stack was, in cold weather, approximately 
3 deg. F. in a rise of 75 deg. F., or 4 per cent. At lower operating 
temperatures a difference in the temperatures was scarcely detectable. 

The spread of points along the upper curve of Fig. 45 shows that 
no distinguishable difference existed in the weights of air delivered by 
the two pipes. This may be explained on the basis that the extra 
elbow in the leader pipe for the double stack may have offered greater 
resistance to air flow than did the extra length of straight pipe in the 
case of the single stack. Hence the additional motive head resulting 
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from the slightly greater temperature of the air in the double stack 
was not sufficient to offset the additional resistance of the extra elbow. 
Had the resistances been exactly equal, the performance of the double 
stack would probably have appeared slightly better. 

The data shown in Fig. 45 have been used to calculate the actual 
heating effect at the registers and the efficiency of the two stacks, as 
shown in Figs. 46 and 47. Figure 46 shows the heating effect and the 
efficiency of the two stacks for various temperatures at the boots. 
The curves show that for a given temperature at the boot the double 
stack produced a greater heating effect at the register and operated 
at higher efficiency than the single stack. Figure 47 is a similar com- 
parison based on the register air temperature, and it shows that for 
a given register air temperature the single stack, by reason of higher 
mean temperature or motive head, produced a greater heating effect 
at the register, but operated at lower efficiency. 

The heat which escaped from either of the stacks was not lost but 
was useful indirectly in maintaining the house temperature, as has 
been stated in Chapter V. 

In Bulletin No. 141 it was pointed out that, if the single stack 
dimensions were the same as those of the external walls of the double 
stack, its heating capacity would exceed that of the double stack. In 
the case of the 3-in. by 10-in. stacks used in this comparison, such 
a construction would result in an increase of 8.5 sq. in. or 29 per cent, 
in area. With this much additional area it has been shown on page 
115 in Bulletin No. 141 that the single stack would overcome the 
advantage of 4 per cent held by the double stack. 


XIV. Errect or INsutatTine A Lone LEADER PIPE 
(SpeciaL Tests 1-6 1nc., AND Datty Tests Nos. 32, 35, 37, 38, 41, 42, 
43, 44, 47, 48, 49, and 50) 

52. Object of Study.—In tests made on the furnace testing plant in 
the Laboratory it was found that the use of effective commercial insu- 
lation on the leader pipes appeared to reduce rather than to increase 
the capacity of the plant. In Bulletin No. 141, pp. 106-113, it was 
shown that, if equal register air temperatures existed, the system with 
insulated pipes would operate at a lower mean temperature, or motive 
head. It, therefore, seems desirable to present additional data on 
insulated pipe tests obtained under normal operating conditions in 
the Research Residence. 
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TABLE 18 
Errect on Room TEMPERATURE OF INSULATING LEADER PIPE 
Temperature—deg. F. Bare Insulated 

Pipe i.) Pipe 
Ombdoors ave sooo aeeereeks aoe Ve) wa Anas bree ernie es eialerce Ds 36.6 40.5 
At: Thermostatic oscink + balou at meat toe acer pecans 70.0 70.6 
POOR eae cairn er TET oe eas Fo ates agen Oe ee ee toned 64.1 64.6 
Breathing: Leveley.cc.tamee meee eto oe eee aietorsteneetee re tsteraleks 67.2 67.0 
COL iy at eG HCE oC ATAR OWLS Ao omoeiD coe over oacAc OO oT 68.6 68.9 
66.6 67.1 

Difference between thermostatic control temperature and 
temperature in the'room, deg. Hinc. 5. sctences sos nere 3.4 3.5 


53. Description of Leader Pipe and Insulation.—Only one pipe, 
the longest in the Research Residence installation, supplying a north- . 
west second-story room, was insulated. This pipe was 10 in. in diam- 
eter, 13 ft. in length, and had one 45-deg. elbow 3 ft. from the boot. 
The leader pipe sloped one inch per foot and was connected to a 
stack 5% in. by 13 in., inside, of double wall construction. 

The insulation consisted of two thicknesses of %-in. corrugated, 
or air-cell, asbestos paper. Bulletin No. 120, p. 118, shows this to 
be a good insulation with an emissivity coefficient of approximately 
0.90 B.t.u. per sq. ft. per deg. F. per hour as compared with an emis- 
sivity coefficient of 1.28 for the bare bright tin. The rest of the 
leader pipes in this plant were left unchanged and were not covered 
with asbestos paper. The comparison is, therefore, between a bare tin 
pipe and the same pipe insulated as described. Readings taken with a 
thermocouple located 6.75 ft. from the boot showed a drop in tempera- 
ture averaging 1.5 deg. F. per ft. for the bare tin pipe and 1.0 deg. F. 
per ft. for the insulated pipe. 


54. Results—Readings of thermometers at floor, breathing level, 
and ceiling in the room served showed no increase in temperature in 
the room supplied by the insulated leader pipe when the average room 
temperatures in the two cases were referred to the main house control 
temperature in the dining room. This information is shown in Table 18. 

The data show that even with a warmer atmospheric temperature 
outdoors the room temperature was no nearer the temperature at the 
control point when the pipe was insulated than when the pipe was’ 
bare. 

The results of a study of conditions at the register and in the heat- 
ing system itself, exclusive of the effect on room temperatures, are 
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presented in Figs: 48 and 49. Four different comparisons are made, 
all tending to confirm the conclusion drawn in Bulletin No. 141, pp. 
106-113, that insulation of the leader pipes does not effectively increase 
the heat delivered by the pipe. 

In Fig. 49 with the difference eae the outside and inside tem- 
peratures as a basis, register air temperature, heat delivered at the 
register, and air weight handled by the pipe were plotted for the in- 
sulated and the non-insulated conditions. The curves show that with 
the same demand for heat, that is, with the same indoor-outdoor tem- 
perature difference, the insulated pipe was less effective in delivering 
heat, weight of air, and in maintaining high register air temperatures. 
Apparently at low temperature differences, that is, for outdoor temper- 
atures of 40 deg. F. or higher, there was some advantage in favor 
of the insulated pipe. 

In Fig. 48 the heat delivering capacities of the pipe are shown 
plotted on the basis of register air temperature. Little distinction 
can be drawn between the capacities of the insulated pipe and the 
uninsulated pipe, although it appears that the bare pipe has the greater 
heating capacity. 
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XV. VALUE OF CEILING INSULATION 


(Dairy Tests 131-139 and 142-145) 

55. Object of Study—Structural conditions frequently limit the 
size of the wall stack and make the problem of heating certain rooms 
a difficult one. This chapter shows the results obtained when the heat 
loss from a ceiling was reduced by insulation in an effort to make the 
heating capacity of the wall stack adequate. 


56. Description of Insulation—The northwest bedroom, Fig. 4, 
was used for the comparison. This room is exposed to the weather 
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on three sides and has an unheated attic space above. The leader pipe 
supplying this room was the longest in the system, approximately 13 
ft., 10 in. in diameter, and connected to a double wall stack 5% in. 
by 13 in. in cross-section. Details of the installation with which the 
tests were made are shown in Fig. 6. 

For insulation, two thicknesses of commercial quilting were 
stretched over the top of the floor joists in the attic, and carefully 
fitted in place between the studs around the walls. The insulating 
quilt consisted of a fibrous material compressed between two paper 
faces. Each layer was approximately % in. thick, and two layers 
were used. There was no flooring in the attic. 


57. Results—wWith the Residence heating plant operating under 
thermostatic control, and without adjustment of pipe dampers, it was 
: found that the northwest bedroom was the coldest room. This may 
be observed in Table 19. With the outdoor temperature at 29 deg. 
F. and the temperature at the control station in the dining room at 
71.2 deg. F., the breathing-line temperature in the northwest bed- 
room was 67.9 deg. F. This temperature was 3.3 deg. F. below the 
control station temperature of 71.2 deg. F. and 2.7 deg. F. below the 
average breathing-line temperature for all rooms. 

After covering the attic joists with the quilted insulation, consisting 
of two layers each % in. thick, the results shown in Table 20 were 
obtained. The same temperature, 71.2 deg. F. at the control station, 
was maintained. The outdoor temperature was 23.4 deg. F. or 5.6 
deg. F. colder than shown in Table 19. The breathing-line tempera- 
ture in the northwest bedroom was 69.9 deg. F., or only 1.3 deg. F. 
below the control station temperature and 1.1 deg. F. below the aver- 
age breathing-line temperature for all rooms. 

The very common practice of comparing the heat loss from insula- 
ted ceilings or floors with that: from uninsulated ceilings or floors on 
the basis of the heat transmission coefficients before and after insula- 
tion is most misleading. For example, in the case in question where 
two % in. thick layers of quilted insulation were used, the heat saving 
was by no means as great as the difference in heat transmission co- 
efficients alone would indicate. 

The reason is perfectly obvious when a comparison of the air 
temperatures above and below the ceiling is made for the two condi- 
tions. Thus, for outdoor temperatures between zero and 10 deg. F., 
before insulating, the temperature difference air to air was 21.6 deg. 
F., but after insulating, the temperature difference air to air was 
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33.6 
21.6 
the coefficients of heat transmission was greater than 1.64 in this case, 
there would have been no saving in heat by insulating. The computed 
0.502 
0.149 
or 3.37, so that a definite saving in heat loss resulted, raising the air 
temperature throughout the room. 

In conclusion, it should be pointed out that the illustration here 
presented is a very conservative statement of the case as the tempera- 
ture ratio is low on account of the fact that only that part of the 
attic floor directly over the northwest bedroom was insulated, result- 
ing in a higher temperature in the attic after insulation than would 
otherwise have been the case. 


33.6 deg. F., or in the ratio of — 1.64. Hence, unless the ratio of 


transmission coefficients for this ceiling were in the ratio of 
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Rosecrans and G. T. Felbeck. 1925. Fifty cents. 

Bulletin No.151. A Study of Skip Hoisting at Illinois Coal Mines, by 
Arthur J. Hoskin. 1925. Thirty-five cents. 

Bulletin No.152. Investigation of the Fatigue of Metals; Series of 1925, 
by H. F. Moore and T. M. Jasper. 1925. Fifty cents. 

Bulletin No. 153. The Effect of Temperature on the Registration of Single 
Phase Induction Watthour Meters, by A. R. Knight and M. A. Faucett. 1926. 
Fifteen cents. 

*Bulletin No.154. An Investigation of the Translucency of Porcelains, by 
C. W. Parmelee and P. W. Ketchum. 1926. Fifteen cents. 

Bulletin No.155. The Cause and Prevention of Embrittlement of Boiler 
Plate, by S. W. Parr and F. G. Straub. 1926. Thirty-five cents. 

Bulletin No. 156. Tests of the Fatigue Strength of Cast Steel, by H. F. 
Moore. 1926. Ten cents. 

Bulletin No. 167. An Investigation of the Mechanism of Explosive Reac- 
tions, by C. Z. Rosecrans. 1926. Thirty-five cents. 

*Circular No.13. The Density of Carbon Dioxide with a Table of Recalcu- 
lated Values, by S. W. Parr and W. R. King, Jr. 1926. Fifteen cents. 

*Circular No.14. The Measurement of the Permeability of Ceramic Bodies, 
by P. W. Ketchum, A. E. R. Westman, and R. K. Hursh. 1926. Fifteen cents. 

*Bulletin No. 158. The Measurement of Air Quantities and Energy Losses in 
Mine Entries, by Alfred C. Callen and Cloyde M. Smith. 1927. Forty-five cents. 

*Bulletin No. 169. An Investigation of Twist Drills. Part II, by B. W. Bene- 
dict and A. E. Hershey. 1926. Forty cents. 1 4 

*Bulletin No. 160. A Thermodynamic Analysis of Internal Combustion Engine 
Cycles, by G. A. Goodenough and J. B. Baker. 1927. Forty cents. ; 

*Bulletin No. 161. Short Wave Transmitters and Methods of Tuning, by 
J. T. Tykociner. 1927. Thirty-five cents. 

Bulletin No. 162. Tests on the Bearing Value of Large Rollers, by W. M. 
Wilson. 1927. Forty cents. 

*Bulletin N 0. 168. A Study of Hard Finish Gypsum Plasters, by Thomas N. 
McVay. 1927. Twenty-five cents. : 

ey No. 16. the Warm-Air Hesing He rae Residence in Zero 

Weather, by Vincent S. Day. 1927. None available. 

Bulletin No.164. Tests of the Fatigue Strength of Cast Iron, by H. F. 
Moore, S. W. Lyon, and N. P. Inglis. 1927. Thirty cents. 

Bulletin No. 165. A Study of Fatigue Cracks in Car Axles, by H. F. Moore. 


1927. Fifteen cents. 
+Copies of the complete list of publications can be obtained without charge by addressing 
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Bulletin No. 166. Investigation of Web Stresses in Reinforced Concrete 
Beams, by F. E. Richart. 1927. Sixty cents. 

*Bulletin No. 167. Freight Train Curve-Resistance on a One-Degree Curve 
and a Three-Degree Curve, by Edward C. Schmidt. 1927. Twenty-five cents. 

*Bulletin No. 168. Heat Transmission Through Boiler Tubes, by Huber O. 
Croft. 1927. Thirty cents. : 

*Bulletin No.169. Effect of Enclosures on Direct Steam Radiator Perform- 
ance, by Maurice K. Fahnestock. 1927. Twenty cents. 

*Bulletin No.170. The Measurement of “Air Quantities and Energy Losses 
in Mine Entries. Part II, by Alfred C. Callen and Cloyde M. Smith. 1927. 
Forty-five cents. 

Bulletin No.171. Heat Transfer in Ammonia Condensers, by Alonzo P. 
Kratz, Horace J. Macintire, and Richard E. Gould. 1927. Thirty-five cents. 

Bulletin No.172. The Absorption of Sound by Materials, by Floyd R. 
Watson. 1927. None available. 

*Bulletin No.173. The Surface Tension of Molten Metals, by Earl E. 
Libman. 1928. Thirty cents. 

*Circular No. 16. A Simple Method of Determining Stress in Curved Flex- 
ural Members, by Benjamin J. Wilson and John F. Quereau. 1928. Frfteen cents. 

‘Bulletin No.174. The Effect of Climatic Changes upon a Multiple-Span 
Reinforced Concrete Arch Bridge, by Wilbur M. Wilson. 1928. Forty cents. 

Bulletin No.175. An Investigation of Web Stresses in Reinforced Concrete 
Beams. Part II. Restrained Beams, by Frank E. Richart and Louis J. Larson. 
1928. Forty-five cents. 

Bulletin No.176. A Metaliographic Study of the Path of Fatigue Failure 
in Copper, by Herbert F. Moore and Frank C. Howard. 1928. Twenty cents. 

Bulletin No. 177. Embrittlement of Boiler Plate, by Samuel W. Parr and 
Frederick G. Straub. 1928. Forty cents. 

*Bulletin No. 178. Tests on the Hydraulics and Pneumatics of House Plumb- 
ing. Part II, by Harold E. Babbitt. 1928. Thirty-five cents. 

Bulletin No.179. An Investigation of : Checkerbrick for Carbureters of 
Water-gas Machines, by C. W. Parmelee, A. E. R. Westman, and W. H. Pfeiffer. 
Fifty cents. 

Bulletin No.180. The Classification of Coal, by Samuel W. Parr. 1928. 
Thirty-five cents. 

Bulletin No.181. The Thermal Expansion of Fireclay Bricks, by Albert E. 
R. Westman. 1928. 

*Bulletin No. 182. Flow of Brine in Pipes, by Richard E. Gould and Marion 
I. Levy. 1928. Fifteen cents. 

Circular No. 17. A Laboratory Furnace for Testing Resistance of Firebrick 
to Slag Erosion, by Ralph K. Hursh and Chester E. Grigsby. 1928. Fifteen cents. 

*Bulletin No. 183. Tests of the Fatigue Strength of Steam Turbine Blade 
Shapes, by Herbert F. Moore, Stuart W. Lyon, and Norville J. Alleman. 1928. 
Twenty-five cents. 

_ _*Bulletin No. 184. The Measurement of Air Quantities and Energy Losses 
in Mine Entries. Part III, by Alfred C. Callen and Cloyde M. Smith. 1928. 
Thirty-five cents. 

*Bulletin No. 185. A Study of the Failure of Concrete Under Combined 
Compressive Stresses, by Frank E. Richart, Anton Brandtzaeg, and Rex L. 
Brown. 1928. Fifty-five cents. : 

*Bulletin No. 186. Heat Transfer in Ammonia Condensers. Part II, by Alonzo 
P. Kratz, Horace J. Macintire, and Richard E. Gould. 1928. Twenty cents. 

*Bulletin No. 187. The Surface Tension of Molten Metals. Part II, by 
Earl E. Libman. 1928. Fifteen cents. 

*Bulletin No. 188. Investigation of Warm-air Furnaces and Heating Sys- 
tems. Part III, by Arthur C. Willard, Alonzo P. Kratz, and Vincent S. Day. 
1928. Forty-five cents. 


*Bulletin No. 189. Investigation of Warm-air Furnaces and Heating Systems. — 


Part IV, by Arthur C. Willard, Alonzo P. Kratz, and Vincent S. Day. 1929. 
Sixty cents. 
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